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SUMMARY

In accordance with the 2005 California Air Resources Board (CARB)/Railroad Statewide
Agreement (MOU), Union Pacific Railroad Company (UPRR) has prepared a facility-
wide emission inventory for the Stockton Rail Yard (Yard) in Stockton, California. The
inventory quantifies emissions of specified toxic air contaminants (TACs) (including
Diesel particulate matter [DPM]) from stationary, mobile, and portable sources at the
Yard. The inventory has been prepared in accordance with CARB’s Rail Yard Emission
Inventory Methodology guidelines (July 2006) and UPRR’s Emission Inventory Protocol
(May 2004).

Activities at the Yard include receiving inbound trains, switching cars, servicing local
industries by picking up and delivering freight cars, building and departing outbound
trains, repairing freight cars, and servicing and repairing locomotives. Facilities within
the Yard include classification tracks, a locomotive service track, a locomotive
maintenance shop, a freight car repair shop, an on-site wastewater treatment plant,
maintenance of way buildings and storage areas, and various buildings and facilities
supporting railroad operations. Altamont Commuter Express (ACE) leases a portion of
the Diesel Shop, steam cleaning area, and the locomotive and passenger car wash rack,

where locomotive and passenger car cleaning, service, and repair are performed.

Emission sources include, but are not himited to, locomotives, sand tower, wastewater
treatment plant, Diesel-fueled trucks and heavy equipment, and storage tanks. Emissions
were calculated on a source-specific and facility-wide basis for the 2005 baseline year,
Emissions from the ACE-owned and -operated locomotives and other operations are

included in the inventory for the Stockton Yard.

An air dispersion modeling analysis was also conducted for the Stockton Yard. The
purpose of the analysis was to estimate ground-level concentrations of DPM and other
TACs, emitted from Yard operations, at receptor locations surrounding the Yard out to a
distance of approximately 6 miles. Emissions from locomotives and Diesel-fueled heavy
equipment were included in the modeling analysis. The air dispersion modeling was
conducted using the AERMOD Gaussian plume dispersion model and wind speed and
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direction, temperature and cloud cover data from the Stockton Municipal Airport. The
meteorological data were processed using the AERMET program. The modeling analysis
was conducted in accordance with the Health Risk Assessment Guidance for Rail Yard

and Intermodal Facilities (July 2006) and UPRR’s Modeling Protocol (August 2006).
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Toxic Air Contaminant Emissions Inventory
and Air Dispersion Modeling Report
for the
Stockton Rail Yard,
Stockton, California

PART I. INTRODUCTION

In accordance with the 2005 California Air Resources Board (CARB)/Railroad Statewide
Agreement (MOU), Union Pacific Railroad Company (UPRR) has prepared a facility-
wide emisston inventory for the Stockton Rail Yard (Yard) in Stockton, California. The
inventory guantifies emissions of specified toxic air contaminants (TACs) (including
Diesel particulate matter [DPM]) from stationary, mobile, and portable sources at the
Yard. Both source-specific and facility-wide emission estimates are shown. The
inventory has been prepared in accordance with CARB’s Rail Yard Emission Inventory
Methodology guidelines (July 2006) and the Emission Inventory Protocol, which UPRR
submitted to CARB in May 2006. Emissions have been calculated for the baseline year
of 2005.

Altamont Commuter Express (ACE) leases a portion of the Diesel Shop, steam cleaning
area, and the locomotive and passenger car wash rack, where locomotive and passenger
car cleaning, service, and repair are performed. Emissions from the ACE-owned and
-operated locomotives and other operations are included in the inventory for the Stockton

Yard.

An air dispersion modeling analysis was also conducted for the Stockton Yard. The
purpose of the analysis was to estimate ground-level concentrations of DPM and other
TACs, emitted from Yard operations, at receptor locations surrounding the Yard outto a
distance of approximately 6 miles. Emission sources included in the modeling analysis
were locomotives and Diesel-fueled heavy equipment. The air dispersion modeling was
conducted using the AERMOD Gaussian plume dispersion model and surface
meteorological data from the Stockton Municipal Airport. The meteorological data was

processed using the AERMET program. The modeling analysis was conducted in
-1-



accordance with the Health Risk Assessment Guidance for Rail Yard and Intermodal

Facilities (July 2006} and UPRR’s Modeling Protocol (August 2006).



PART II. FACILITY DESCRIPTION

A. Facility Name and Address

Union Pacific Railroad Company
Stockton Rail Yard

833 East 8" St.

Stockton, CA 95206

B. Facility Contact Information

Jim Diel

Manager of Environmental Field Operations
Union Pacific Railroad Company

9451 Atkinson St.

Roseville, CA 95747

Phone: (916) 789-5184

Fax: (402) 501-2396

jediel@up.com

C. Main Purpose of the Facility

The Stockton Yard is a support facility for railroad operations. Facilities within the Yard
include classification tracks, a locomotive service track, a locomotive maintenance shop,
a freight car repair shop, a wastewater treatment plant, maintenance-of-way buildings and

storage areas, and various buildings and facilities supporting railroad operations.

D. Type of Operations Performed at the Facility

Activities at the Yard include receiving inbound trains, switching cars, servicing local
customers by picking up and delivering freight cars, building and departing outbound
trains, repairing freight cars, and servicing and repairing locomotives. The Yard includes
two main lines with freight and passenger train traffic; the East Yard, which handles most
of the in-yard freight traffic; the West Yard (the former SP Yard), which is less heavily

used; and a service area with locomotive shop.

Within the Yard, the primary locomotive activities are associated with arriving and
departing “manifest” (mixed freight) trains, and servicing the locomotives that power

3



these trains. Arriving and departing trains’ locomotives are fueled in the locomotive
service area after arrival, and are sent back into the Yard or to other yards after service.
The locomotive shop also performs periodic and unscheduled maintenance on
locomotives. The Altamont Commuter Express (ACE) is a commuter rail company that
also uses a portion of the service area and shop for its trains. In-yard flat switching is
carried out by four sets of captive locomotives—iwo sets on the south end of the East
Yard, one set on the north end, and one set in the SP Yard. These are used to move
sections of inbound trains to appropriate arecas within the Yard for departure on outbound

trains.

E. Facility Operating Schedule

The facility operates 24 hours per day, 365 days per year.

F. General Land Use Surrounding the Facility

The land use surrounding the facility is a mix of commercial/industrial and residential.
There is a residential area less than 1,000 feet from the Yard’s east side. There is also a
large residential area less than 1,000 feet from the Yard’s west side. There are six
schools within one mile of the Yard. The location of these and other specific receptors 1s

further discussed in Part IX.



CONFIDENTIAL BUSINESS INFORMATION/TRADE SECRET

PART III. MAP AND FACILITY PLOT PLAN

Figure 1
Location Map
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PART IV. COVERED SOURCES

This emission inventory quantifies toxic air contaminant (TAC) emissions from the
stationary, mobile, and portable sources located or operating at the Stockton Yard.
Emission sources include, but are not limited to, locomotives, sand tower, wastewater
treatment plant, Diesel-fueled trucks and heavy equipment, and storage tanks. A site-

specific equipment inventory is included in Section V below.

In accordance with the UPRR Emission Inventory Protocol, stationary point sources that
are exempt from local air district rules have been identified, but not included in the
detailed emission inventory. Also, de minimis sources, based on weighted risk, have
been identified in the inventory but are not further discussed or included in the modeling
analysis. De minimis sources are the individual sources that represent less than 3 percent
of the facility-total weighted-average site health risk (determined separately for cancer
risk and non-cancer chronic health hazard). Total exclusions for all de minimis sources
did not exceed 10 percent of the facility-total weighted-average site cancer risk or chronic

health hazard. De minimis sources are further discussed in Part VIII of this report.



PART V. SITE-SPECIFIC EQUIPMENT INVENTORY

As discussed in Part IV above, there arc a number of mobile, stationary, area, and
portable emissions sources operating at the Stockton Yard. The mobile sources include
locomotives, heavy-heavy duty (HHD) Diesel-fueled trucks, other on-road Diesel-fucled
trucks, and Diesel-fueled heavy equipment. Stationary emission sources at the Yard
include storage tanks, the sand tower, wastewater treatment plant (WWTP), Diesel-fueled
auxiliary generator sets, and various heaters. Portable equipment operating at the Yard
includes welders, steam cleaners, pressure washers, air compressors, a hydraulic jack, and

a hydraulic power pack. Each source group is further discussed below.
A. Locomotives

Locomotive activities at the Yard fall into several categories. “Road power” activities
(locomotives used on inbound and outbound freight and passenger trains) include hauling
through trains on the main lines; pulling arriving trains into the Yard and departing trains
out of the Yard; movements of locomotives to and from the service and shop area after
arrival and prior to departure. Yard operations include the use of four sets of medium-
and low-horsepower locomotives to move sections of trains within the Yard. During
20035, the working sets at the south end of the East Yard were two pair of- In the
SP Yard, the working set was a single- At the north end of the East Yard, the

working set was a pair of switcher locomotives.

Locomotive servicing and maintenance involves both road power and yard locomotives,
and includes idling associated with refueling, sanding, oiling, and waiting to move to
outbound trains. In addition, maintenance activities include additional periods of idling
and higher throttle settings during load tests following 92-day, semi-annual, and annual

inspections, as required by the FRA, and some unscheduled maintenance events.

In addition to the UPRR-owned locomotives, ACE has a fleet of five locomotives at
Stockton. Three are used to operate ACE’s three trains per day, five days per week, from

Stockton to San Jose and back, with the other two available as backups. These are
9-



passenger locomotives with the same engine as a- however, these locomotives also
have a 750 hp Diesel generator to provide electrical power to the passenger cars, which
remain attached to their locomotives. The three in-use locomotives idle overnight
between arrival from San Jose and their departure the next day. One of the three
locomotives’ generators also runs overnight to provide lighting and heating/air
conditioning for the cleaning crews that work overnight to ready the cars for the next
day’s service. The other two can be shut down, as trackside electrical power is available
on two tracks. Emissions from the locomotive generator set are further discussed below.
ACE also performs load testing of its five locomotives as part of 92-day, semi-annual,

and annual inspections.

Table 1 provides the number of locomotives in operation (arrivals, departures, and
through traffic) at the yard during 2005 by locomotive model group and type of train.
Through trains use the main lines passing by the facility. Freight trains and passenger
trains enter the yard on specified tracks. Power moves are trains with locomotives but no
cars whose objective is to either move locomotives to locations where they are needed, or

to take malfunctioning units to service facilities.
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Table 1

Summary of Locomotives Models (Road Power)
Stockton Rail Yard

Locomotive
Model
Group

Train Type'

Through
Trains

Freight Trains

Passenger Trains

Arriving | Departing

Arriving | Departing

Power
Moves

Switch”

GP3x

GP4x

GP50

GP60

SD7x

SD90

Dash?

Dash§&

Dash9

C60A

Unknown

Total

Notes:

I. Includes all locomotives identified on an arriving, a departing, or a through train, including both
working and non-working units,

2. Does not include locomotives used for yard operations.
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B. HHD Diesel-Fueled Trucks

UPRR operates a small fleet of HHD Diesel-fueled trucks to move heavy equipment,
which is housed at the Yard, to locations along the main lines where track, bridge, or
signal maintenance 1s required. The fleet distribution for the HHD Diesel-fueled trucks

operating at the Yard is shown in Table 2.

Table 2
Fleet Distribution for HHD Diescl-Fueled Trucks
Stockton Rail Yard
Model Year Number of Vehicles

2

QO | |t | i |

Total

Notes:
1. Model year distribution provide by Marv Hoagland of
UPRR.

C. On-Road Diesel-Fueled Trucks

UPRR also operates a variety of on-road Diesel-fueled trucks that are used in and around
the Yard. Table 3 shows the equipment specifications for the on-road Diesel-fueled

trucks.

_12-



Table 3
Equipment Specifications for On-Road Diesel-Fueled Trucks

Stockton Rail Yard

Equipment Type Make Model Model Year Vehicle Class
Dump Truck HHD
Sweeper Truck HHD
Pickup Truck MHD
Boom Truck MHD
Boom Truck MHD
Boom Truck MHD
Pickup Truck LHD1
Pickup Truck LHDI1
Boom Truck HHD
Pickup Truck LHDI1
Notes:

1. Vehicle specifications provided by UPRR personnel.

D. Heavy Equipment

UPRR operates a variety of heavy equipment in and around the Yard. Table 4 shows the
equipment specifications for the Diesel-fueled heavy equipment. Heavy equipment that

is housed, but not used in the Stockton Yard was not included in this inventory.

Table 4
Equipment Specifications for Diesel-Fueled Heavy Equipment
Stockton Rail Yard
Equipment
Type Make Model Model Year Rating (hp)

Backhoe 95
Backhoe' 177
Trackmobile” 115
Fork Lift’ 47.5
Crane 122
Crane 215
Forklift 365
Notes:

1. The exact model year of this equipment could not be determined. Documentation was found
showing that it was older thani

2. Per Trackmobile, these units were manufactured between-and- To be conservative, it
was assumed that they were model year-units.

3. The exact model vear of this equipment could not be determined. Documentation showing that it
was older thanl was found.
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E. Tanks

There are a number of tanks at the facility that are used to store liquid petroleum products

such as Diesel fuel, gasoline, and recovered oil. Table 5 provides detailed information

for all storage tanks located at the facility.

Table 5

Storage Tank Specifications
Stockton Rail Yard

Tank Capacity
Tank No. Tank Location Material Stored (gallons)
AST-1' Repair Track Wastewater 2,000
TNKG-0079° Repair Track Diesel 250
TNKG-0079° Repair Track Gasoline 250
TNKO-0294 WWTP Sludge 7,000
TNKS-0056 WWTP Industrial Storm water 88,000
TNKD-9010 WWTP Industrial Storm water 357,300
TNKO-0295' WWTP Recovered Oil 10,000
TNKO-0296" Diesel Shop Empty 20,000
TNKO0-0297’ Diesel Shop Empty 20,000
ACE* Repair Track Used Qil 200
Notes:

1. Exempt from permitting requirements per STVAPCD Rule 2020, Section 6.6.5.

2.  Exempt from permitting requirements per STVAPCD Rule 2020, Section 6.6.4.

3. Since these tanks are empty, they are not an emission source and will not be included in the
emission inventory or modeling analysis.

Storage tanks with a capacity of 250 gallons or less are exempt from SIVAPCD

permitting requirements per Rule 2020, Section 6.6.4. As shown in Table 5, the
capacities of TNKG-0079 (Diesel), TNKG-0079 (Gasoline), and the ACE tank are less

than 250 gallons; therefore, the tanks are exempt from permitting requirements per Rule

2020, Section 6.6.4. Since the storage tanks are exempt from local air district rules, the

emissions from the tanks were not included in the inventory or the dispersion modeling

analysis, consistent with the UPRR inventory protocol.

SJIVAPCD Rule 2020, Section 6.6.5 exempts unheated storage of organic material within

an initial boiling point of 302 °F or greater from permitting requirements. Per the Air
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Emission Inventory and Regulatory Analysis Report for the Stockton Rail Yard (Trinity
Consultants, July 2003), laboratory testing was conducted on the contents of the
wastewater and recovered oil tanks at the yard. The testing showed that the initial boiling
point of this material was greater than 302 °F. Therefore, tanks AST-1 and TNKO-0295
are exempt from SJVAPCD permitting requirements per Rule 2020, Section 6.6.5. Since
the storage tanks are exempt from local air district rules, the emissions from the tanks
were not included in the inventory or the dispersion modeling analysis, consistent with

the UPRR inventory protocol.

F. Sand Tower

Locomotives use sand for traction and braking. The sand tower consists of a storage
system and a transfer system. The storage system includes a pneumatic delivery system
and a storage silo. The transfer system includes a pneumatic transfer system, an elevated
receiving silo, and a moving hopper and gantry system. The system is equipped with a

baghouse for emissions control.

G. Wastewater Treatment Plant

The Stockton Yard also has a wastewater treatment plant (WWTP). Equipment at the
WWTP includes a primary clarifier, a pair of equalization tanks, a secondary clarifier, a
coagulation tank, a mix tank, a dissolved air flotation (DAF) unit, and two storage tanks
used for accumulation of used oil and sludge. Air emission sources at the WWTP are the

two clarifiers.

H. Auxiliary Generator Sets

In addition to the UPRR operated equipment, ACE also operates three commuter trains
that are housed at the Stockton Yard. Each train is equipped with a 750 horsepower,
Diesel-fueled auxiliary generator set to provide air conditioning and lighting to railcars
when the attached locomotive is not operating. Each generator set 18 a-model year

untt.
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I. Heaters

Table 6 summarizes the equipment specifications for the various heaters located at the

Stockton Yard.

Heaters with a rating of 5.0 MMBtu/hr or less and fired exclusively with natural gas or

propane are exempt from STVAPCD permitting requirements per Rule 2020, Section

6.1.1. As shown in Table 6, all of the heaters at the Stockton Yard have a rated capacity

of less than 5.0 MMBtu/hr and are fired exclusively with natural gas or propane.

Equipment Specifications for Heaters

Stockton Rail Yard
Rating
Location Heater Type Fuel Type (MMBtu/hr)

Yard Office Space Heater Natural Gas 0.065
Yard Office Space Heater Natural Gas 0.065
Yard Office Space Heater Natural Gas 0.065
Yard Office Water Heater Natural Gas 0.035
Signal Shop Space Heater Propane 0.125
Engineering Office Space Heater Natural Gas 0.05
Engineering Office Space Heater Natural Gas 0.05
Engineering Office Space Heater Natural Gas 0.05
Engineering Office Space Heater Natural Gas 0.05
Engineering Office Space Heater Natural Gas 0.05
| Engineering Office Space Heater Natural Gas 0.05

Notes:
1,

Heaters with a rating of 5.0 MMBtw/hr or less and fired exclusively with natural gas or propane
are exempt from SIVAPCD permitting requirements per Rule 2020, Section 6.1.1,

Therefore, these heaters are exempt from SIVAPCD permitting requirements. Since the

heaters are exempt from local air district rules, the emissions from the heaters were not

included in the inventory or the dispersion modeling analysis, consistent with the UPRR

inventory protocol.




J. Welders

A variety of portable welders are used in Yard operations. Equipment specifications for

welders used at the Yard are shown in Table 7.

Internal combustion engines rated at 50 hp or less are exempt from SIVAPCD permitting
requirements per Rule 2020, Section 6.1.2. As shown in Table 7, the rating of each of the
portable welders at the Stockton Yard is less than 50 hp. Therefore, these units are
exempt from permitting requirements per Rule 2020, Section 6.1.2. In addition, Rule
2020, Section 6.10 exempts welding equipment and operations from permitting
requirements, Since the welders are exempt from local air district rules, the emissions
from the welders and welding operations (acetylene and rod/electrode use) were not

included in this inventory or in the dispersion modeling analysis, consistent with the

UPRR inventory protocol.
Table 7
Equipment Specifications for Portable Welders
Stockton Rail Yard
Equipment Location Fuel Type Rating (hp) No. of Units

One Spot Car Department Gasoline 16 1
One Spot Car Department Gasoline 15 2
One Spot Car Department Gasoline 12.5 5
Boom Truck Diesel 20 1
Boom Truck Diesel 40 1
Boom Truck Diesel 35 1
Locomotive Maintenance Truck Gasoline 20 1
Bridge Maintenance Gasoline 16 2
Bridge Maintenance Gasoline 16 1
WWTP Repair Truck Gasoline 16 1
Notes:

1. Welding equipment and operations are exempt from SJVAPCD permitting requirements per Rule
2020, Section 6.10.

2. Internal combustion engines rated at 50 hp or less are exempt form STVAPCD permitting
requirements per Rule 2020, Section 6.1.2.

K. Steam Cleaners

Both UPRR and ACE own and operate steam cleaners at the Yard. Equipment

specifications for the portable steam cleaners are shown in Table 8.
-17-




Table 8

Equipment Specifications for Portable Steam Cleaners

Stockton Rail Yard
Emission Fuel Rating
Location Make Unit Type (MMBtu/hr or hp)

- Pump Electric NA

Locomotive Maintenance Heater Diesel 0.245
- Pump Gasoline 11

ACE Heater Diesel 0.245
Locomotive Maintenance Pump Gasoline 13

(Contractor Owned) - Heater Diesel 0.245

Notes:
1. Internal combustion engines rated at 50 hp or less are exempt from SIVAPCD requirements per
Rule 2020, Section 6.1.2,
2. Diesel-fueled heaters are “low emitting units” per Rule 2020, Section 3.6.

Internal combustion engines rated at 50 hp or less are exempt from SIVAPCD permitting
requirements per Rule 2020, Section 6.1.2. As shown in Table 9, the rating of the pumps
in each portable steam cleaner at the Stockton Yard is less than 50 hp. Therefore, the
pumps in these units are exempt from permitting requirements per Rule 2020, Section
6.1.2. In addition, Rule 2020, Section 3.6 exempts “low emitting units” from permitting
requirements. Based on the small size and limited use, these units qualify as “low
emitting units” and are therefore exempt from permitting requirements. Since the steam
cleaners are exempt from local air district rules, the emissions from these units were not
included in this inventory or in the dispersion modeling analysis, consistent with the

UPRR inventory protocol.

L. Miscellanecus Combustion Devices

A variety of portable equipment is used to support Yard operations. Equipment
specifications for the other miscellaneous portable combustion devices operated at the

Stockton Yard are shown in Table 9.
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Table 9
Equipment Specifications for Portable Miscellaneous Combustion Devices

Stockton Rail Yard
Location Equipment Type Fuel Type Rating (hp)
MoW Repair Compound Hydraulic Power Pack Gasoline 18
MoW Repair Compound Pressure Washer Gasoline 18
One Spot Car Department Air Compressor Gasoline 5
Locomotive Repair Pressure Washer Diesel 10
Locomotive Repair Pressure Washer Diesel 10
Bridge Maintenance Hydraulic Jack Gasoline 5.5
Maintenance Crew Air Compressor Gasoline 5

Note:

1. Internal combustion engines rated at 50 hp or less are exempt from SIVAPCD requirements per
Rule 2020, Section 6.1.2.

As previously discussed, internal combustion engines rated at 50 hp or less are exempt
from SJIVAPCD permitting requirements per Rule 2020, Section 6.1.2. As shown in
Table 9, the rating of each portable combustion device at the Stockton Yard is less than
50 hp. Therefore, these units are exempt from permitting requirements per Rule 2020,
Section 6.1.2. Since the portable equipment is exempt from local air district rules, the
emissions from these units were not included in this inventory or in the dispersion

modeling analysis, consistent with the UPRR inventory protocol.
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PART VL. ACTIVITY DATA

Emissions from mobile sources are based on the number and type of equipment,
equipment size, load factor, and operation during the baseline year of 2005. Since fuel
consumption data were not available, the default load factors from the OFFROAD2006
model and operating data were used for emission calculations. For sources where
operating data weren’t available, an average operating mode (AOM) was developed

based on employee interviews.

A. Locomotives

Locomotive emissions were based on the number, model distribution, and operating
conditions (idling, throttle notch, and speeds of movements, etc). Table 10 summarizes
the activity data for locomotives operating on trains at the Stockton Yard, including the
number of trains and number of working locomotives per consist, as well as their idle and
working time, and speed on arrival or departure. In general, arriving trains enter the Yard
and stop while the railcars are detached from the locomotive. After the railcars have been
detached, the locomotives move to the service area for refueling. On departure,
locomotive consists are moved from the service area to the appropriate end of an
outbound train. The train departs after completion of the Federal Railroad
Administration (FRA) mandated safety inspections (e.g., air pressure and brakes) and the
arrival of the train crew. In some cases, trains that are nominally “through” trains
(arriving and departing under the same train symbol and date) add or drop cars or
locomotives at the Stockton Yard. These trains are counted separately, as the idling
period is shorter prior to departure, and the locomotive consist is not disconnected nor

moved to the service track.
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The Yard also provides service and maintenance for the road power on trains arriving and
departing from other locations. Arriving trains from mountainous routes will typically
have higher available horsepower per trailing ton than trains operating in flatter terrain.
This can result in “surplus™ power, which is sent to other locations for use. In some
cases, power moves may occur without a train symbol being assigned, with the

result that it does not appear in the train database used to develop locomotive activity
data. The total locomotive count for arriving and departing locomotives on trains shows
a net imbalance of approximately.locomotives for 2005. For purposes of emission
calculations, it is assumed that this imbalance represents outbound power moves from
Stockton to other locations, with the same average consist size and proportion of east-
bound and west-bound units as other identified power moves. This results in a net
balance in the number of arriving and departing locomotives. Although power moves
may have as many as 10 or more locomotives, typically only one or two locomotives are
actually working. For emission calculations, power moves were assumed to have 1.5
working locomotives (except for power moves involving just one locomotive).! In
addition to road power, four sets of yard locomotives operate in the yard to move sections
of inbound trains, spot them in the appropriate areas for handling, and subsequently
reconnect these sections and move them to the appropriate outbound train areas. One set
oi-operates between 4 PM and 4 AM 1in the SP Yard; two sets of-operate
at the south end of the East Yard (one 24 hours per day, and the other 16 hours per day);
and a set of switchers operates at the north end of the East Yard 24 hours per day.

A separate database provided information on each locomotive handled by the service area
and locomotive maintenance shop at Stockton. Locomotive servicing and maintenance
involve routine activities to ready a locomotive for operation (refueling, checking oil
levels, etc.) as well as a broad range of maintenance activities including both minor
repairs (light bulbs, paint, etc.) and major repairs of locomotive components (traction
motor replacement, and Diesel engine maintenance requiring load testing). Based on

detailed information on the reason and type of service or maintenance performed,

"'UP personnel report that although the train data records for power moves may show all locomotives
“working,” in actuality all locomotives except for one at the front and rear end (and more commonly only
one at the front end) are shut down as they are not needed to pull a train that consists only of locomotives.
Assuming 1.5 working locomotives per power move may slightly overestimate the actual average number
of working locomotives per power move.
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separate counts of service and maintenance activities were developed, as detailed in

Table 11.

Routine service of locomotives involves idling and short movements in the service area
associated with refueling, oiling, and other service activities prior to their movement to
the ready track area where locomotives are consisted for outbound trains. If maintenance
is required at the locomotive shop, additional short movements and idling occur.
Depending on the type of maintenance, load testing prior to and after maintenance may
be performed. The number of these events was determined based on the location and

service codes for each locomotive maintenance event in the database.

Based on estimates provided by UPRR personnel for the Roseville Rail Yard Study
(October 2004), routine servicing of a locomotive occurs over several hours, during
which time the locomotive may be idling or shut down (if equipped with ZTR/AESS®
technology). Locomotives must be idling during oil checks. Following service, there is a
second-period during which the locomotives may be idling or shut down. For
emission calculations, it is assumed that ZTR/AESS-equipped locomotives idle for.

-during service and-after service, and that other units idle fo-
during and-after service.

Locomotives that are identified as undergoing maintenance at the locomotive shop (a
separate facility from the service area) are assumed to have-additional-
idling periods before and after maintenance, based on estimates provided by UPRR
personnel for the Roseville Rail Yard Study. The emissions generated during the short
movements between the service area and shop are included with the idling emissions.
ZTR/AESS-equipped units are assumed to idle for only-of each of these periods.
Load testing is required by the FRA for periodic quarterly, semiannual, and annual

maintenance, and may also be performed as part of unscheduled maintenance. Service

2 There are two primary types of auto start/stop technology—*“Auto Engine Start Stop” (AESS), which is
factory-installed on recent model high horsepower units; and the ZTR “SmartStart” system (ZTR), which is
a retrofit option for other locomotives. Both are programmed to turn off the Diesel engine after 15 to 30
minutes of idling, provided that various criteria (air pressure, battery charge, and others) are met. The
engine automatically restarts if required by one of the monitored parameters. We assume that an
AESS/ZTR-equipped locomotive will shut down after 30 minutes of idling in an extended idle event.
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and shop databases were used to identify the number of each type of events, as well as the
locomotive model, tier, and ZTR/AESS technology distributions. Emission factors were
developed for the model distribution for all units in service, and also for the model
distribution of the subset of units that underwent load testing. Post-maintenance load
testing at Commerce is conducted at the west end of the service building and is assumed
to include opacity testing as part of the load testing. The total emissions associated with
service and shop activities are the sum of idling during and after service, idling before
and after shop maintenance, and load testing. The emissions from shop and service

activities are shown in Part VII.

The specific nature (duration and throttle setting) of such load testing events is described
in Part VII. For ACE locomotives, it was assumed that each of the five locomotives had
four load test events per year in conjunction with routine 92-day, semi-annual, and annual

inspections.

Table 11
Service and Shop Releases and Load Test
Stockton Rail Yard

Number | Idling per event | N1 time | N8 time
Activity of Events (min) (min) (min)

Locomotive Service

Shop Maintenance

Planned Maintenance Pre-Test

Planned Maintenance Post-Test

Quarterly Maintenance Test

Unscheduled Maintenance
Diagnostic

Unscheduled Maintenance Post-Test

ACE Load Tests

B. HHD Diesel-Fueled Trucks

Emissions from HHD Diesel-fueled trucks are based on the number of truck trips, the
length of each trip, and the amount of time spent idling. As shown in Table 2, a small
fleet of HHD trucks is used to move heavy equipment that is housed in the Yard to

locations along the main lines where maintenance is needed. It was assumed that each
24-




truck made one round trip per day. The VMT per trip is based on the distance from the
equipment parking area to the Yard entrance. Based on operator interviews, it was
assumed that each truck idled no more than.minutes per trip. Table 12 summarizes the

activity data for HHD Diesel-fueled trucks operating at the Yard.

Table 12
Summary of HHD Diesel Truck Activity Data
Stockton Rail Yard
Number of Idling
Truck Trips' VMT Per Trip® | VMT per Year (mins/trip)’ (hr/yr)
@ [ ] 1,460 [ 243

Notes:
1. Number of truck trips is equal to & vehicles at 1 round trip (in and out of the yard) per day.
2. VMT per trip based on the distance from the equipment parking area to the gate.
3. Idling time per day based on interviews with UPRR personnel.

C. On-Road Diesel-Fueled Trucks

Emissions from the on-road Diesel-fueled trucks operating at the Yard are based on the
vehicle class, engine model year, annual vehicle miles traveled (VMT), and the amount
of time spent idling. Annual VMT was estimated based on the total vehicle mileage and
the amount of time the vehicle operated in the Yard, as estimated by UPRR personnel.
Table 13 summarizes the activity data for the other on-road Diesel-fueled trucks

operating at the Yard.
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Table 13
Activity Data for On-Road Diesel-Fueled Trucks

Stockton Rail Yard

Equipment Model | Vehicle | Annual Idling”
Type Make/Model Year | Class | VMT' [(min/day) | (br/yr)
Dump Truck HHD 600 15 91
Sweeper Truck HHD 250 15 91
Pickup Truck MHD 1,200 15 91
Boom Truck MHD 1,040 15 91
Boom Truck MHD 1,600 15 91
Boom Truck MHD 1,825 15 91
Pickup Truck LHDTI1 1,100 15 91
Pickup Truck LHDT1 1,200 15 91
Boom Truck HHD 400 15 91
Pickup Truck LHDTI1 1,800 15 91
Notes:

1.  Annual VMT estimated by UPRR personnel based on total vehicle mileage and the amount of
time the vehicle operated in the Yard.
2. Idling time (min/day) estimated by UPRR personnel.

D. Heavy Equipment

Emissions from heavy equipment operating at the Yard are based on the number and type
of equipment, equipment model year, equipment size, and the annual hours of operation.
Annual hours of operation are based on operator interviews. The activity data for the

Diesel-fueled heavy equipment are summarized in Table 14.

Table 14
Activity Data for Diesel-Fueled Heavy Equipment
Stockton Rail Yard
Equipment Model Rating | Hours of Operation
Type Make/Model Year (hp) (hr/yr)

Backhoe 95 300
Backhoe 177 30
Trackmobile 115 730
Fork Laift 47.5 10
Crane 122 120
Crane 215 15
Forklift 75 365
Notes:

1. Hours of operation estimated by UPRR personnel.
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E. Tanks

Emissions from the non-exempt storage tanks located at the Stockton Yard are based on
the size of the tank, material stored, and annual throughput. Activity data for the non-

exempt tanks are shown in Table 15.

Table 15
Activity Data for Storage Tanks
Stockton Rail Yard
Throughput

Tank No. Location Material Stored (gal/yr)'?
TNKO-0294 WWTP Sludge 8,000
TNKS-0056 WWTP Industrial Storm water 1,562,030
TNKD-9010 WWTP Industrial Storm water 1,562,030

Notes:
1. Annual throughput provided by UPRR personnel.
2. Equal to the annual process rate for the WWTP.

F. Sand Tower

Emissions from the sand tower are based on the annual sand throughput. Records of
actual material throughput for the sand tower were not readily available. Therefore, the
monthly sand throughput limit contained in the SIVAPCD Permit to Operate for this
source was used. The Permit limits sand throughput to 26 tons per month or 312 tons per

year.

G. Wastewater Treatment Plant

Emissions were also calculated for the WWTP. Per the WWTP operator records, during
the 2005 baseline year the WW'TP processed 1,562,030 gallons of wastewater.

7.




H. Auxiliary Generator Sets

As previously discussed, the auxiliary generator sets are located on the three passenger
trains owned and operated by ACE and are used to provide air conditioning and lighting.
The generator set on one train is operated each weeknight to provide air conditioning and
lighting for cleaning and maintenance crews. The other two trains are connected to
trackside power; therefore, the generators are not used. Per discussions with ACE
personnel, the generator operates 9 hours per day, 5 days per week (8:00 p.m. to 5:00
a.m. from Sunday through Friday). The total annual hours of operations (2,340 hours)

were allocated evenly between the three generators.
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PART VII. EMISSIONS

A. Calculation Methodology and Emission Factors

Emission calculations were based on the site-specific equipment inventory, equipment
activity data, and the source-specific emission factors. The calculation methodology and
emission factors for each specific source type are further discussed below. Emissions
were calculated in accordance with CARB Guidelines (July 2006) and the UPRR

Emission Inventory Protocol.

1. Locomotives

Emissions were calculated for UPRR-owned and -operated locomotives, as well as
“foreign” locomotives® operating in the rail yard, and through trains on the main lines.
Procedures for calculating emissions followed the methods described in Ireson et al.

(2005).* A copy of Ireson et al is contained in Appendix A-6.

Emissions from locomotive activities were calculated based on the number of working
locomotives, time spent in each notch setting, and locomotive model-group distributions,
with model groups defined by manufacturer and engine type.” A separate calculation was
performed for each type of locomotive activity, including line-haul or switcher
locomotive operations, consist movements, locomotive refueling, and pre- and-post
locomotive service and maintenance testing. Speed, movement duration, and throttle
notch values were obtained from UPRR personnel for the Stockton Yard for different
types of activities. Detailed counts of locomotive by model, tier and train type are
shown in Appendix A-1 and A-2. Maps detailing the principal locomotive routes at the

Yard are contained in Appendix A-5.

? Foreign locomotives are locomotives not owned by UPRR, including passenger trains and locomotives
owned by other railroads that are brought onto the UPRR system via interchange.

* Ireson, R.G., M.J. Germer, L.A. Schmid (2005). “Development of Detailed Railyard Emissions to
Capture Activity, Technology, and Operational Changes.” Proceedings of the USEPA 4" Annual
Emission Inventory Conference, htp.//ww.epa.gov/itn/chieficonference/eil 4/session8/ireson.pdf,

Las Vegas NV, April 14, 2006.

% Emission estimates are based on the total number of working locomotives. Therefore, the total number of
locomotives used in the emission calculations, shown in Table 10, is slightly lower than the total number of
locomotives counted as arriving, departing, or through trains {(shown in Table 1). See Appendix A for
detailed emission calculations.
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Notch-specific emission factors were assembled from a number of sources. These
included emission factors presented in CARB’s Roseville Rail Yard Study (October
2004), as well as EPA certification data and other testing by Southwest Research Institute

of newer technology locomotives.

For line haul operations, yard-specific average consist composition (number of units,
number of units working, model distribution, locomotive tier distribution, fraction
equipped with auto start/stop technology) was developed from UPRR data for different
train types. Movement speed, duration, and notch estimates were developed for arriving,
departing, through train, and in-yard movements. Idle duration was estimated based on
UPRR operator estimates for units not equipped with auto start/stop. Units that were
equipped with AESS/ZTR technology were assumed to idle for 30 minutes per extended
idle event, with other locomotives idling for the remaining duration of the event.
Numbers of arrivals and departures were developed from UPRR data. Emissions were
calculated separately for through trains, freight train arrivals and departures, ACE arrivals

and departures, and power moves.

Four sets of “captive™ locomotives (i.e., dedicated to moving groups of rail cars within
the Yard) operate within the facility boundaries. These sets included a single-
working in the SP Yard, two pairs of-working in the south end of the East Yard,
and one pair of switchers working in the north end of the East Yard. The-in the SP
Yard operated from 4 PM to 4 AM. It was assumed that each day’s activity for this unit
would include 11 working hours and 1.5 hours parked, resulting in a total of 0.5 hours of
parked idling if equipped with ZTR SmartStart auto start/stop technology. One set of
-at the south end operated from 7 AM to 11 PM, with an assumed total working
time of 14 hours and 2.5 hours of parked idling (or 1 hour for SmartStart units). The
other set of-at the south end and the set of switchers at the north end operated 24
hours per day. This was assumed to include 21 working hours and 3 hours parked idling
(1 hour for SmartStart units). Based on information from UPRR personnel, these units
were assumed to operate on the EPA switcher duty cycle while working. As the specific

locomotives assigned to this work may change from day to day, it was assumed that the
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fraction of units equipped with SmartStart was the same as the fraction for the same

model observed in the Stockton service area records.

Data regarding the sulfur content of 2005 UPRR Diesel fuel deliveries within and outside
of California were not available. To develop locomotive emission factors for different
types of activities, estimates of fuel sulfur content were developed, and base case
emission factors from the primary information sources (e.g., EPA certification data, with
an assumed nominal fuel sulfur content of 3,000 ppm) were adjusted based on the
estimated sulfur content of in-use fuels. Fuel sulfur content reportedly affects the
emission rates for Diesel particulate matter from locomotives. The sulfur content in
Diesel fuel varies with the type of fuel produced (e.g., California on-road fuel, 49-state
off-road fuel, 49-state on-road fuel), the refinery configuration at which it is produced,
the sulfur content of the crude oil being refined, and the extent to which it may be mixed
with fuel from other sources during transport. As a result, it is extremely difficult to
determine with precision the sulfur content of the fuel being used by any given
locomotive at a specific time, and assumptions were made to estimate sulfur content for

different types of activities.

To estimate the fuel sulfur content for UPRR locomotives in California during 2005, the

following assumptions were made:

e “Captive” locomotives and consists in use on local trains (e.g., commuter rail} are
used only Diesel fuel produced in Califorma

e Trains arriving and terminating at California rail yards (with the exception of
local trains) used fuel produced outside of California, and arrive with remaining
fuel in their tanks at 10 percent of capacity

e On arrival, consists were refueled with California Diesel fuel, resulting in a 90:10
mixture of California and non-California fuel, and this mixture is representative of
fuel on departing trains as well as trains undergoing load testing (if conducted at a

specific yard).
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o The average composition of fuel used in through trains by-passing a yard, and in
trains both arriving and departing from a yard on the same day 1s 50 percent

California fuel and 50 percent non-California fuel.

In 2005, Chevron was Union Pacific Railroad’s principal supplier of Diesel fuel in
California. Chevron’s California refineries produced only one grade (“low sulfur Diesel”
or LSD) in 2005. Quarterly average sulfur content for these refineries ranged from 59
ppm to 400 ppm, with an average of 221 ppm (Hinckley, 2006). This value is assumed to
be representative of California fuel used by UPRR. Non-California Diesel fuel for 2005
is assumed to have a sulfur content of 2,639 ppm. This is the estimated 49-state average
fuel sulfur content used by the U.S. Environmental Protection Agency in its 2004
regulatory impact analysis in support of regulation of nonroad Diesel engines (EPA,
2004).

To develop emission inventories for locomotive activity, an initial collection of
locomotive model- and notch-specific emissions data was adjusted based on sulfur
content. Although there is no official guidance available for calculating this effect, a
draft CARB document provides equations to calculate the effect of sulfur content on PM
emission rates at specific throttle settings, and for 2-stroke and 4-stroke engines (Wong,
undated). These equations can be used to calculate adjustment factors for different fuels
as described in Appendix A-7. The adjustment factors are linear in sulfur content,
allowing emission rates for a specific mixture of California and non-California fuels to be
calculated as a weighted average of the emission rates for each of the fuels. Adjustment
factors were developed and used to prepare tables of emission factors for two different
fuel sulfur levels: 221 ppm for locomotives operated on California fuel; and 2,639 ppm
for locomotives operating on non-California fuel. These results are shown in Tables 16
and 17. Sample emission calculations are shown in Appendix A-3 and A-4.

The calculations of sulfur adjustments are shown in Appendix A-7.
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2. HHD Diesel-Fueled Trucks

Emission estimates for the HHD Diesel-fueled trucks are based on the number of trucks
by model year and annual VMT within the Yard. Per CARB guidelines, the emissions
from idling and traveling modes have been separated because different source treatments
(point or volume source) will be used in the air dispersion modeling analysis for these
modes. A fleet-weighted average emission factor for traveling emissions was calculated,
based on the model year distribution provided by UPRR (see Table 2), using the
EMFAC-WD 2006 model with the BURDEN output option. Fleet-weighted idling
emission factors were calculated, based on the model year distribution provided by
UPRR, using the EMFAC-WD 2006 model with the EMFAC output option. The
emission factors for the HHD Diesel-fueled trucks are shown in Table 18. Detailed

emission factor derivation calculations and EMFAC-WD 2006 output are contained in

Appendix B.
Table 18
Emission Factors for HHD Diesel-Fueled Trucks
Stockton Rail Yard
Fleet Weighted Emission Factors
Operating Mode ROG CO NOx DPM” SOx
Traveling (g/mi)’ 3.17 7.53 23.66 1.19 0.30
Idling (g/hr)” 9.58 47.04 117.70 1.41 0.58
Notes:
1. Emission factors were calculated using the EMFAC-WD 2006 mode! with the BURDEN output
option.
2, EI:nission factors were calculated using the EMFAC-WD 2006 model with the EMFAC output
option.

3. See Table 2 for fleet distribution,
4. Diesel PMy (DPM) is a TAC.

3. On-Road Diesel-Fueled Trucks

Emission estimates for on-road Diesel-fueled trucks are based on the number of trucks by
model year, vehicle class, and annual VMT within the Yard. Per CARB guideles, the
emissions from idling and traveling modes have been separated because different source
treatments (point or volume source) will be used in the air dispersion modeling analysis

for these modes. A vehicle-specific emission factor for traveling emissions was
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calculated, using the EMFAC-WD 2006 model with the BURDEN output option. Idling
emission factors are from EMFAC-WD 2006 with the EMFAC output option. The
emission factors for the on-road Diesel-fueled trucks are shown in Table 19. Detailed
emission factor derivation calculations and EMFAC-WD 2006 output are contained in

Appendix C.

4. Heavy Equipment

Emission estimates for the Diesel-fueled heavy equipment are based on the model year of
the equipment, and the hours of operation within the Yard. Emission factors were
calculated using CARB’s OFFROADZ2006 model. The heavy equipment emission
factors are shown in Table 20. Detailed emission factor derivation calculations and

OFFROAD?2006 output are contained in Appendix D.

5. Storage Tanks

The only non-exempt storage tanks (TNKO-0294, TNKS-0056, and TNKD-9010) are
located at the wastewater treatment plant. TNKO-0294 stores sludge and other solids
from WWTP operaticons; therefore, emissions from this tank were assumed to be
negligible. TNKS-0056 and TNKD-9010 store industrial storm water and are located
downstream of the primary clarifier at the WWTP. The primary clanfier has an organics
removal efficiency of 99%,; therefore, emissions from these tanks were also assumed to

be negligible.
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Emission Factors for Diesel-Fueled Heavy Equipment

Table 20

Stockton Rail Yard
Exhaust and Crankcase Emission Factors

Equipment Model (g/hp-hr)’

Type Make/Model Year | vOC’ | co | Nox | DpM** | SOX®
Backhoe 1.87 4.64 10.47 0.98 0.06
Backhoe 1.93 572 13.73 0.90 0.06
Trackmobile 2.41 5.53 12.29 1.35 0.06
Forklift 1341 | 25.33 | 10.38 2.32 0.07
Crane 1.65 4.26 11.45 0.74 0.06
Crane 1.65 4.26 11.45 0.74 0.06
Forklift 1.74 4.40 8.04 0.98 0.06

Notes:

1. Emission factors from CARB’s OFFROAD2006 model.
VOC evaporative emissions are negligible,

2.
3. Diesel PMy (DPM) isa TAC.
4,

Assumes a Diesel fuel sulfur content of 130 ppm.

6. Sand Tower

Emission estimates for the sand tower are based on annual sand throughput and emission

factors from EPA’s AP-42 document.® The sand transfer system consists of two parts:

pneumatic transfer and gravity transfer. The pneumatic transfer system is similar to those

used to unload cement at concrete batch plants. The gravity feed system is similar to the

sand and aggregate transfer operations at concrete batch plants. Therefore, emissions

were calculated using the AP-42 emission factors for concrete batch plants. As

previously discussed, the system is equipped with a baghouse for emission control.

Therefore, the AP-42 emission factors for a controlled system were used. The emission

factors are shown in Table 21.

S USEPA. Compilation of Air Pollutant Emission Factors, Volume 1, Stationary Point and Area Sources,
Chapter 11, June 2006,
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Table 21
Emission Factors for Sand Tower Operations

Stockton Rail Yard
Emission Factors (Ib/ton)
Pollutant Pneumatic Transfer’ Gravity Transfer”
PMo 0.00034 0.00099

Notes:
1. Emission factor from AP-42, Table 11.12-5, 6/06. Factor for controlled pneumatic cement
unloading to elevated storage silo was used. The unit is equipped with a fabric filter.
2. Emission factor from AP-42, Table 11.12-3, 6/06. Factor for sand transfer was used.
3. There are no TAC emissions from this source.

7. Wastewater Treatment Plant

Emission estimates for the WWTP were based on emission rates from the Air Emission
Inventory and Regulatory Analysis Report for Stockton Yard (Trinity Consultants, July
2003) and the annual wastewater flow rate. Emission rates were calculated by Trinity

Consultants using EPA’s WATERY program. The emission rates are shown in Table 22.

Table 22
Emission Factors for the Wastewater Treatment Plant
Stockton Rail Yard

Pollutant Emission Rate (grams/sec)
Benzene 226x 107
Bis (2-cthylhexyl) Phthalate 228x 107
Bromomethane 4.40x 10-'
Chloroform 2.74x 107
Ethylbenzene 1.14x 10°
Methylene Chloride 5.15x 10°
Toluene 1.39x 10°®
Xylene 2.67 x 10
Total 8.85x10°

Notes:
1. Emission rates from Air Emission Inventory and Regulatory Analysis for Stockton Yard, Trinity
Consultants, July 2003,

®. Auxiliary Generator Sets

Emission estimates for the ACE-owned and -operated Diesel-fueled auxiliary generator
sets are based on the model year and the hours of operation within the Yard. Emission

factors were calculated using CARB’s OFFROAD2006 model. The emission factors for
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the generators are shown in Table 23. Detailed emission factor derivation calculations

and OFFROAD2006 output are contained in Appendix E.

Table 23
Emission Factors for Diesel-Fueled Auxiliary Generator Sets
Stockton Rail Yard
Exhaust and Crankcase Emission Factors
Model (g/hp-hr)!
Equipment Type Year vOC* CO NOx DPM™* SOx’
Aux. Generator Set_| (I} |_ 0419 | 0966 | 6.175 0.40 0.053

Notes:
1. Emission factors from CARB’s OFFROAD2006 model.
2. VOC evaporative emissions are negligible.
3. Diesel PM;; (DPM) is a TAC.
4. Assumes a Diesel fuel sulfur content of 130 ppm.

B. TAC Emissions by Source Type

TAC emission calculations for each source type were based on the site-specific
equipment inventory (shown in Part V of this report), equipment activity data (shown in
Part VI of this report), and the source-specific emission factors shown in Part VILA

above.

Emissions from locomotive operations were based on the emission factors shown in
Tables 16 and 17, the number of events, the number of locomotives per consist, duration,
and duty cycle of different types of activity. Table 24 shows the duty cycles assumed for

different types of activities.

Table 24
Locomotive Duty Cycles
UPRR Stockton Yard

Activity Duty Cycle

Through train movement EB: N4 — 100%; WB: N3- 100%

Movements within the yard N1 — 50%, N2- 50%

Yard operations

EPA Switch Duty Cycle'

Notes:
1, EPA (1998) Regulatory Support Document.
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For locomotive models and tiers for which specific emission factors were not available,
the emissions for the next lowest tier were used, or the next highest tier if no lower tier
data were available. Emission factors for the “average locomotive” for different types of
activity were developed from the emission factors and the actual locomotive model and
technology distributions for that activity. Separate distributions were developed for
seven types of activity: through trains (including through power moves); eastbound
freight; westbound freight; arriving and departing power moves; ACE arrivals and
departures;-yard operations; and switcher yard operations. Table 25 shows the

TAC emission estimates for the different types of activities.

Table 25
DPM Emissions from Locomotives
Stockton Rail Yard
Activity DPM Emissions (tpy)
Through trains 0.381
Freight trains 1.276
ACE trains 0.418
Power moves 0.005
Yard operations 3.578
Service and Shop Idling 0.782
Load tests 0.032
Total 6.472

Notes:

1. See Table 1 for equipment specifications.

2. See Tablel! for activity data.

3. See Tables 16 and 17 for emission factors.

4. Emissions from yard operations are based on the locomotive type and the hours of operation for
each captive unit, the EPA Switch Duty Cycle, and the emission factors shown in Tables 16 and
17,

5. See Appendices A-3 and A-4 for detailed emission calculations. The calculations of sulfur
adjustments are shown in Appendix A-7.

DPM emissions from HHD Diesel-fueled trucks are shown in Table 26. DPM emissions
from on-road Diesel-fueled trucks are shown in Table 27. Table 28 summarizes the DPM
emissions from Diesel-fueled heavy equipment operating at the Yard. TAC emissions
from the WWTP emissions are shown in Tabie 29. DPM emissions from the Diesel-

fueled auxiliary generator set are shown in Table 30. As discussed above, emissions

from storage tanks AST-3, AST-5, and AST-6 are negligible and there are no TAC
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emissions from sand tower operations. Detailed emission calculations for each source

group are contained in Appendix F.

Table 26
DPM Emissions from HHD Diesel-Fueled Trucks
Stockton Rail Yard
Emissions (tpy)
Pollutant Traveling Mode Idling Mode Total
DPM 0.002 0.172 0.174
Notes:
1. See Table 2 for equipment inventory.
2. See Table 12 for activity data.
3. See Table 18 for emission factors.
Table 27
DPM Emissions from On-Road Diesel-Fueled Trucks
Stockton Rail Yard
Emissions (tpy)
Model Traveling Idling
Equipment Type Make/Model Year Mode Mode Total
Dump Truck 0.0030 0.0007 0.0035
Sweeper Truck 0.0012 0.0004 0.0014
Pickup Truck 0.0005 0.0001 0.0006
Boom Truck 0.0004 0.0001 0.0005
Boom Truck 0.0002 0.0001 0.0003
Boom Truck 0.0002 0.0001 0.0003
Pickup Truck 0.0000 0.0001 0.0001
Pickup Truck 0.0000 0.0001 0.0001
Boom Truck 0.0001 0.0001 0.0002
Pickup Truck 0.0000 0.0001 0.0001
Total 0.0056 0.0019 0.0075
Notes:

1. See Table 3 for equipment inventory.

2. See Table 13 for activity data.

3. See Table 19 for emission factors,
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Table 28
DPM Emissions from Diesel-Fueled Heavy Equipment

Stockton Rail Yard

Equipment Type Make/Model Model Year Emissions (tpy)
Backhoe 0.017
Backhoe 0.003
Trackmobile 0.064
Forklift 0.000
Crane 0.005
Crane (0.001
Forklift 0.009
Total 0.099
Notes:

1. See Table 4 for equipment inventory.,
2. Sece Table 14 for activity data.

3.

See Table 20 for emission factors,

Table 29
TAC Emissions from the WWTP
Stockton Rail Yard
Pollutant Emissions (tpy)
Benzene 1.11x 107
Bis (2-ethylhexyl) Phthalate 1.12 x 107
Bromomethane 2.15x 107
Chloroform 1.34 x 10~
Ethylbenzene 558x% 107
Methylene Chloride 2.52x 10"
Toluene 6.81x 10°
Xylene 131x 107"
Total 4.33x10°

Notes:
1. See Part V for equipment inventory.
2. See Part V1 for activity data.
3. See Table 22 for emission factors.

Table 30
DPM Emissions from Auxiliary Generator Sets
Stockton Rail Yard

Equipment Type DPM Emissions (1py)

Auxiliary Generator Sets 0.068

Notes:
1. See Part V for equipment specifications.
2, See Part VI for activity data.
3, See Table 23 for emission factors.
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C. Facility Total Emissions

Facility-wide DPM emissions are shown in Table 31. The only source of TAC emissions
other than DPM is the WWTP. Therefore, other TAC emissions are summarized in
Table 29.

Table 31
Facility-Wide Diesel Particulate Emissions
Stockton Rail Yard

Source Emissions (tpy)
Locomotives' 6472
HHD Diesel-Fueled Trucks” 0.174
On-Road Diesel-Fueled Trucks’ 0.007
Diesel-Fueled Heavy Equipment” 0.099
Auxiliary Generator Set’ 0.068
Total 6.819
Notes:

1. See Table 25.

2. See Table 26.

3. See Table 27.

4. See Table 28.

5. See Table 30.

-44-



PART VIII: RISK SCREENING CALCULATIONS

As discussed in Part IV of this report and agreed upon with CARB, de minimis sources,
based on weighted health risk, were identified in the inventory but were not included in
the modeling analysis. De minimis sources are the individual source categories that
represent less than 3 percent of the facility-total weighted-average site health impacts
(determined separately for cancer risk and non-cancer chronic health hazard). Total
exclusions for all de minimis sources did not exceed 10 percent of the facility-total

weighted-average site health impacts.

The OEHHA unit risk factor for each pollutant was multiplied by the annual emissions of
that pollutant to generate a risk index value for each source. Each source-specific risk
index was divided by the facility total risk index to get the fractional contribution to the
total risk for each source. Table 32 summarizes the cancer risk, the non-cancer health
hazard index, and the fractional contribution to the cancer risk and non-cancer chronic
health hazard for each source. Detailed cancer risk and non-cancer health hazard index

calculations are in Appendix G.

Table 32
Summary of Weighted Risk by Source Category
Stockton Rail Yard
Non-Cancer Chronic
Cancer Risk Health Hazard
Health Percent of
Risk Index | Percent of Hazard Total
Source Value Total Risk | Index Value Hazard
Locomotives 1.94x% 10 94.90 324 x 10’ 94.24
HHD Diesel-Fueled Trucks 521x 107 2.55 8.69 x 10" 2.53
On-Road Diesel-Fueled Trucks | 2.23 x 107 0.11 3.71x 10 0.11
Heavy Equipment 2.97 x 107 1.45 495x% 10" 1.44
WWTP 6.44x 107" 0.00 2.38x 107 0.69
Auxiliary Generator Sets 2.03x 107 (.99 3.38x 10~ 0.99
Total 2.05x 10™ 100 3.43x 10 100

Sources that represent less than 3 percent each of the facility-total weighted-average
cancer risk and non-cancer chronic risk, as shown in Table 32, are de minimis. Table 33

lists the de minimis sources for the Stockton Yard.
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Table 33
Summary of De Minimis Sources

Stockton Rail Yard
De minimis Sources for De Minimis Sources for
Cancer Risk Non-Cancer Chronic Health Hazard
HHD Diesel-Fueled Trucks HHD Diesel-Fueled Trucks
On-Road Diesel-Fueled Trucks On-Road Diesel-Fueled Trucks
Heavy Equipment Heavy Equipment
Auxiliary Generator Sets Auxiliary Generator Sets
WWTP WWTP

Sources that are de minimis for both cancer risk and non-cancer chronic health hazard
(i.e., on-road Diesel-fueled trucks, HHD Diesel-fueled trucks, auxiliary generator sets,
and the WWTP) are not included in the dispersion modeling analysis. At CARB’s
request, heavy equipment was included in the dispersion modeling analysis

notwithstanding their de minimis risk contribution.
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PART IX: AIR DISPERSION MODELING

An air dispersion modeling analysis was conducted for the Stockton Yard. The purpose
of the analysis was to estimate ground-level concentrations of DPM and other TACs,
emitted from Yard operations, at receptor locations surrounding the Yard out to a
distance of approximately 6 miles. Air dispersion modeling was conducted in accordance
with the Health Risk Assessment Guidance for Rail Yard and Intermodal Facilities (July
2006) and UPRR’s Modeling Protocol (August 2006). Each aspect of the modeling 1s
further described below.

A. Model Selection and Preparation

1. Modeled Sources and Source Treatment

As discussed in Part VIII, only sources that represent more than 3 percent of the facility-
total weighted-average site health impacts (determined separately for cancer risk and
non-cancer chronic health hazard) were included in the dispersion modeling analysis. At
the request of CARB, heavy equipment was included as well, notwithstanding their

de minimis risk contribution. Emissions from heavy equipment and moving locomotives
were simulated as a series of volume sources along their corresponding travel routes and
work areas. Idling and load testing of locometives was simulated as a series of point
sources within the areas where these events occur. The elevation for each source was
interpolated from a 50 m grid of USGS terrain elevations. Table 34 shows the sources
that were included in the modeling analysis and freatment used for each source.
Assumptions used to spatially allocate emissions from locomotive operations within the
Yard are included in Appendix A-4. Assumptions used to spatially allocate emissions

from non-locomotive sources are contained in Appendix H.
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Table 34

Source Treatment for Air Dispersion Modeling

Stockton Rail Yard
Source Source Treatment
Locomotives (idling) Point
Locomotives (traveling) Volume
Heavy Equipment (idling) Volume
Heavy Equipment (traveling) Volume

Notes:
1. See Figure 3 for source locations.
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CONFIDENTIAL BUSINESS INFORMATION/TRADE SECRET

Figure 3
Source Locations

wssmswss Century Crane and Backhoe Operation
mmmmmm RIP Track, Pettibone Crane Operation,
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2. Model Selection

Selection of air dispersion models depends on many factors, including the type of
emissions source (point, line, or volume) and type of terrain surrounding the emission
source. The USEPA-approved guideline air dispersion model, AERMOD, was selected
for this project. AERMOD is recommended by EPA as the preferred air dispersion
model, and is the recommended model in CARB’s Health Risk Assessment Guidance for

Rail Yard and Intermodal Facilities (July 2006).

AERMOD is a steady-state,” multiple-source, Gaussian dispersion model designed for
use with emission sources situated in terrain where ground elevations can exceed the
release heights of the emission sources (i.c., complex terrain).8 AERMOD was used with
hourly wind speed and direction, temperature and cloud cover data from the Stockton
Municipal Airport. AERMOD used these parameters to select the appropriate dispersion

coefficients.

Standard AERMOD contro! parameters were used, including stack-tip downwash, non-
screening mode, non-flat terrain, and sequential meteorological data check. Following
USEPA guidance, the stack-tip downwash option adjusted the effective stack height
downward following the methods of Briggs (1972) for stack exit velocities less than 1.5

times the wind speed at stack top.

Two AERMET preprocessors (Stages 1 and 2, and Stage 3) were used to prepare
meteorological data for use in AERMOD. Surface roughness, albedo and Bowen ratio’
were estimated in multiple wind direction sectors surrounding the meteorological

monitoring site at the Stockton Municipal Airport. The Yard is close enough to the

7 The term “steady-state” means that the modet assumes no variability in meteorological parameters over a
one-hour time period.

¥ Federal Register, November 9, 2005; Volume 70, Number 216, Pages 68218-68261.

® The albedo of a specified surface is the ratio of the radiative flux reflected from the surface to the
radiative flux incident on the surface. Flux is the amount of energy per unit time incident upon or crossing
a unit area of a defined flat plane. For example, the albedo for snow and ice varies from 80% to 85% and
the albedo for bare ground from 10% to 20%. Bowen ratio is the ratio of heat energy used for sensible
heating (conduction and convection) of the air above a specified surface to the heat energy used for latent
heating {evaporation of water or sublimation of snow} at the surface. The Bowen ratio ranges from (.1 for
the ocean surface to more that 2.0 for deserts; negative values are also possible.
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airport so that the selection of values for these three parameters in sectors around the

airport is reasonably representative of the same parameters around the Yard.

As suggested by USEPA (2000), the surface characteristics were specified in sectors no
smaller than a 30-degree arc. Specifying surface characteristics in narrower sectors
becomes less meaningful because of expected wind direction variability during an hour,
as well as the encroachment of characteristics from the adjacent sectors with a one-hour
travel time. Use of weighted-average'® characteristics by surface area within a 30-degree
(or wider) sector made it possible to have a unique portion of the surface significantly
influence the properties of the sector that it occupies. The length of the upwind fetch for
defining the nature of the turbulent characteristics of the atmosphere in each sector
surrounding the source location was 3 kilometers as recommended by Irwin (1978) and

USEPA’s Guideline on Air Quality Models."!

3. Modeling Inputs

Modeling was based on the annual average emissions for each source as discussed in Part
VIL.B above. Diurnal and/or seasonal activity scalars were applied to locomotive
activities and heavy equipment operations. The following profiles were used in the
modeling. See Appendix A-4 for the profiles used and Appendix I for a description of
the methods used to develop these profiles.

s A seasonal/diurnal activity profile was calculated for freight locomotive idling
based on the number of arrivals and departures in each hour of the day and the
number of arriving and departing trains in each season. Each hourly factor was
based on the number of arrivals and departures in that hour, the number of arrivals
in the preceding two hours, and the number of departures in the following two
hours. This approach captures the idling times for consists on arrival and
departure. These factors were applied to consist idling for arriving and departing
trains, and idling at the service track.

¢ A seasonal/diurnal activity profile was calculated for in-yard locomotive

movements of road power using the same approach as for idling. In this case,

' Weighting was based on wind direction frequency, such as determined from a wind rose.
"' USEPA (1986), and published as Appendix W to 40 CFR Part 51 (as revised).
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however, only the number of arriving and departing trains in a single hour was
used for that hour’s factor.

o Diurnal profiles were developed for switching operations in the different areas of
the yard based on operating shift schedules for the yard switchers. Seasonal
adjustment factors were not used for yard switching.

e A seasonal profile was applied to freight locomotive service activities as the level
of activity increased substantially from the beginning to the end of 2005.

¢ Diurnal profile for ACE commuter train idling and movements were developed
based on their operating schedules. No seasonal adjustment factors were applied

to commuter rail activity.

The volume source release heights and vertical dispersion parameters (o,) were those
used by CARB for the Truck Stop Scenario in Appendix VII of the Diesel Risk
Reduction Plan for mobile vehicles and equipment other than locomotives. For
locomotives, the release height and o, values used were those developed by CARB for
daytime and nighttime locomotive movements in the Roseville Risk Assessment
modeling. Stack parameters used to create the AERMOD input file for locomotive
operations are shown in Table 35. Table 36 summarizes the modeling inputs used to

create the AERMOD input file for each non-locomotive source at the Yard.
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4. Meteorological Data Selection

The Yard does not monitor meteorological variables on site. Surface data from the
nearby (i.e., 2.6 miles) Stockton Municipal Airport, and upper air data from the Oakland
International Airport, operated by the National Weather Service, were used for this
project. Missing surface data were replaced according to USEPA guidancelz. The
completed dataset was processed in AERMET, the meteorological preprocessor for

AERMOD.

Fifteen years, 1991 through 2005, of meteorological data were processed with AERMET
to assure that an adequate number of years of acceptable data completeness and quality
would be available for AERMOD modeling. It is expected that year-to-year variability
would not cause significant differences in the modeled health impacts and, hence, would
justify needing only to subject the full set of receptors to one year of meteorological data.
For rail yard dispersion modeling, the meteorological data from 2005 were selected, the

most current year available.

In the absence of more detailed data and given the inability of steady-state Gaussian
models such as AERMOD to treat non-uniform flow fields, some uncertainty will exist in
the ability of the model to predict the locations of highest concentrations outside of the
Yard.

Because rail yards, especially emissions from locomotives, tend to be aligned linearly
along the main track routes, the directions of prevailing surface winds were important to
model predictions in the near field. For longer transport distances (e.g., 1 to 10 km),
surface winds were still the primary consideration, with atmospheric stability also playing
an important role. Due to the relatively low release heights and limited plume rise of rail
yard sources, modeled concentrations are relatively insensitive to mixing heights,
temperatures, and vertical temperature and wind profiles. Due to the generally flat terrain

throughout the modeling domain and the proximity of the surface wind station to the

12 USEPA "Meteorological Monitoring Guidance for Regulatory Modeling Applications™ Section 6.8;
Atkinson & Lee "Procedures for Substituting Values for Missing NWS Meteorological Data for Use in
Regulatory Air Quality Models”
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Yard, the meteorological data used should be reasonably representative of conditions at

the Yard.

5. Model Domain and Receptor Grids

A domain size of 20 km by 20 km with varying receptor spacing was used. Within 300
m of the facility, receptor spacing was 50 m. Between 300 and 600 m, and between 600
m and 1 km, receptor spacings were 100 m and 200 m, respectively. Receptors were

spaced 500 m apart throughout the rest of the domain.

All receptors were identified by UTM coordinates. United States Geological Survey
(USGS) 7.5 Minute digital elevation model (DEMs) information was used to identify
terrain heights at each receptor. Figures 4 and 5 show the outline of the Yard along with

the coarse and fine receptor grids.

Sensitive receptors, consisting of hospitals, schools, day-care centers, and elder care
facilities, within a 1-mile radius of the Yard, were identified. Table 37 lists the address,
elevations, and UTM coordinates for each sensitive receptor. Figure 6 shows the outline

of the Yard and the location of each sensitive receptor identified in Table 37.
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Figure 4
Coarse Modeling Grid
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Figure 5
Fine Modeling Grid
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Figure 6
Sensitive Receptors
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6. Daspersion Coefficients

Dispersion coefficients are used in air dispersion models to reflect the land use over
which the pollutants are transported. The area surrounding the Stockton Municipal
Airport was divided into sectors to characterize the surface roughness, albedo, and
Bowen ratio. These parameters were provided along with the meteorological data to the
AERMET software. The resulting meteorological input file allows AERMOD to select
appropriate dispersion coefficients during its simulation of air dispersion. AERMOD
also provides an urban input option to use the overall size of the Standard Metropolitan
Statistical Area that contains the emission source (i.e., the Yard) in accounting for the
urban heat island effect on the nocturnal convective boundary layer height. If the option
is not selected, AERMOD defaults to rural dispersion coefficients. If the urban option is
selected, but no surface roughness is specified (not to be confused with the surface
roughness parameters already specified for sectors around the meteorological monitoring
station and input to AERMET), AERMOD assigns a default “urban” surface roughness
of 1 meter. For the Stockton Yard, AERMOD was run with the urban option. Based on
CARB and USEPA guidance,'3 namely “For urban areas adjacent to or near other
urban areas, or part of urban corridors, the user should attempt to identify that part of
the urban area that will contribute to the urban heat island plume affecting the source,”
the area encompassed by the surrounding City of Stockton was considered to determine
the urban heat island effect on the nocturnal convective boundary layer height. The
population of Stockton'® is approximately 286,926, and the surface roughness that
characterizes this metropolitan area was set to the URBANOPT default of 1 m. See

Appendix J for additional discussion of this issue.

7. Building Downwash

Building downwash effects were considered for the Yard. Stack-tip downwash adjusted

the effective stack height downward following the methods of Briggs (1972) when the

13 AERMOD Implementation Guide, September 27, 2005,
http://www.epa,gov/scram001/7thconf/aermod/aermod _implmtn_guide.pdf

'* City of Stockton, http://www.city-data.com/city/Stockton-California. html.
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stack exit velocity was less than 1.5 times the wind speed at stack top. The locomotives
are the only structures in the Yard of sufficiently large size and close enough proximity to
the modeled emission sources (i.e., their own stacks) to be entered into the Building
Profile Input Program (BPIP) with one set of dimensions for a “standard” locomotive
(24.2 m. long x 4.0 m. wide x 4.6 m. high).

B. Modeling Results

The AERMOD input and output files have been provided to CARB in an electronic

format.

C. Demographic Data

Demographic data files have been provided to CARB in an electronic format. See

Appendix K for a description of the data.
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LOCOMOTIVE DATA
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APPENDIX A-1
LOCOMOTIVE MODEL, TIER, AND

AUTO-START/STOP TECHNOLOGY
FREQUENCY BY TRAIN TYPE
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APPENDIX A-2

LOCOMOTIVE MODEL DISTRIBUTION
BY TRAIN TYPE GROUPS
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Track Segment

Main Line

South End to East Yard South End
North End to East Yard North End
East Yard South End

East Yard South End to RIP Track
RIP Track to East Yard North End
East Yard North End to Service
Service to North End of Yard

SP Yard

East Yard South End Yard Operations
East Yard North End Yard Operations
East Yard North End

Appendix A-3
Sample Calculations

Segment
Number

[V
TS 0 e 1 O th b W —

—
(o8]

Length
(mi)
2.2808
0.6048
0.6793
0.4985
0.4783
0.5476
0.3300
0.3532
0.9132
0.4985
0.4985
0.4985
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Appendix A-4

Methodology for Estimating Locomotive Emissions
and Generating AERMOD Emission Inputs

Overview

This appendix describes the general procedures followed for developing locomotive
emission inventories for the Union Pacific Railroad (UPRR) rail yards under the
Memorandum of Understanding with the California Air Resources Board. It also
describes the procedure by which the emission inputs for both locomotive and non-
locomotive sources used in AERMOD dispersion modeling.

EMISSION CALCULATIONS

This section describes the details of the development of activity inputs, emission factors,
and emission estimates for locomotive operations. Separate procedures are followed tor
estimating activity associated with locomotives on trains, locomotive consist movements
within a yard, service and shop activity (if occurring at a specific yard), and yard
switching operations within a yard. Emission factors are developed for each of the types
of locomotive activity based on the model and technology distribution of locomotives
involved in each activity. Emission estimates are then developed for the activities and
specific areas of a yard in which each activity occurs. The data used to calculate these
emnissions are included in the Appendix A-3 Excel workbook, which includes a “Sample
Calculations” worksheet showing the linkages between the various activities, emission
factors, and operating characteristics data.

Train Activity
Train activity data for emissions calculations includes a number of separate components:

o The number of trains arriving, departing, or passing through a yard, broken down
by type of train

¢ The average composition of working locomotives in each consist', including the
fraction of locomotives of different models, emissions technology tier, and
automatic idling control equipment’

e The identification of routes followed for different types of train activities

! The term “consist” refers to the group of locomotives (typically between one and four) that provide power
for a specific train.

? Two types of automatic idling control equipment are in use, known as ZTR SmartStart (typically retrofit
equipment on low horsepower units) and AESS (typically factory installed on newer high horsepower
units). Both are programmed to automatically shut of the engines of parked idling locomotives after a
specified period of time, and to restart the unit if any of a number of operating parameters (battery state, air
pressure, coolant temperature, etc.) reach specified thresholds.
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e Identification of the speeds and throttle settings for different types of train
activities in different locations.

The primary source of information for estimating train activity is a database identifying
the arrival and departure of locomotives at a specific yard. This database identifies
locomotives by their ID numbers and models, the status on the train (working or not
working), and the specific train to which they are connected. From these data, the total
numbers of trains of different types arc identified based on train symbols, train dates,
train origination and termination indicators, and dates and times of arrival and departure.
For each type of train and activity, the average number of locomotives per consist is
calculated along with the distribution of locomotive models, emission technology tiers,
and automatic idling control equipment. A separate database of UPRR locomotives is
consulted based on locomotive ID to determine the tier and date of any retrofits of
automatic idling controls to complete the development of these model distributions. The
activity data so derived are shown on the “Activities” worksheet in the Appendix A-3
Excel workbook, and the model and technology distributions are shown on the “Consist
Emissions” worksheet.

The types of trains to be identified can vary from yard to yard. For all yards, through
trains (which bypass the yard itself on mainline tracks adjacent to the yard) are identified.
Depending on the yard, trains entering or departing from the yard can be of several types,
including:

e Intermodal trains

» Automobile trains

e “Manifest” or freight trains
e Local trains

¢ Power moves

Power moves are trains consisting only of locomotives which are either arriving at the
yard to be serviced or used for departing trains, or departing from the yard to be serviced
at another location or used for trains departing from another location. The routes
followed by each type of train on arrival and departure are identified in consultation with
UPRR yard personnel, along with estimates of average speeds and duty cycles (fraction
of time spent at different throttle settings) for different areas.

Specific track subsections are identified by UTM coordinates digitized from
georeferenced aerial photographs. The segments identified and their lengths are shown
on the “Track Segments” worksheet of Appendix A-3. For each train type, direction, and
route, a listing of track segments, segment lengths, and duty cycles is developed. Duty
cycles are shown on the “Consist Emissions” worksheet of Appendix A-3, and the
segment speeds, duty cycles, idling durations are shown on the “Movements and Yard
Operations” worksheet. This listing, along with the number of locomotives per consist
and number of trains of each type, allows calenlation of the number of locomotive hours
in each duty cycle to be calculated for each section of track. For arriving and departing
trains, estimates of the duration of idling were developed in consultation with UPRR
personnel. These idling periods were divided into two parts — the assumed amount of
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time that all locomotives in a consist would idle on arrival or departure, and the amount
of time that only locomotives not equipped with automatic idle controls would idle.
Idling periods were assigned to a segment of the arrival or departure track one fifth of the
length of the track at the appropriate end.

Service and Shop Activity

If there is a service track and/or shop at a yard, locomotives (including both road power
from trains as well as yard switchers) undergo a variety of activities at these locations. If
present at a yard, details of the service and shop activity, model distributions, and
emission factors are shown on the “Service and Shop” worksheet of Appendix A-3.
Specific locomotive activities involve idling while awaiting or undergoing routine service
(cleaning, refueling, oiling, sanding, and other minor maintenance), movement and idling
between service and maintenance areas, and stationary load testing associated with
specific types of maintenance events. A database of service events at individual yards
identifies the number of service events during the year, the locomotive ID and model, and
the nature of servicing performed. Routine servicing involves periods of idling prior to
and during service, and additional idling prior to movement of consists to departing trains
in the yard. Estimates of the duration of idling associated with servicing are developed in
consultation with UPRR personnel. As was done for trains, these idling periods were
separated into two parts, the average total duration of idling by all locomotives, and the
average duration of additional idling by locomotives not equipped with automatic idling
controls.

The database also specifically identifies load test events and the type of maintenance with
which the load testing is associated. These types include planned maintenance at
different intervals (e.g., quarterly, semiannual) as well as unscheduled maintenance
which may involve both diagnostic load testing prior to maintenance and post-
maintenance load testing. The duration of load test events in each throttle setting depend
on the equipment available and types of maintenance performed at the yard. Estimates of
these durations, as well as the identification of load testing activity by type of load test
and the time and duration of any additional idling and movements are developed in
consultation with UPRR personnel.

A total number of events (servicing and load testing by location and type) are developed
from these data, as are locomotive model and technology distributions for all locomotives
serviced and for those specific locomotives undergoing load testing (if applicable). From
these event counts and durations, the total number of hours of locomotive idling and
higher throttle setting operation in different portions of the service areas are calculated
for each of the two model distributions.

Yard Switcher Activity

In each yard, there are routine jobs assigned to individual switchers or sets of switchers.
These activities are generally not tracked from hour to hour, but they occur routinely
within yard boundaries during specified work shifts. Similarly, the specific yard switcher
locomotive IDs assigned to these jobs are not routinely tracked, but these yard jobs are
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generally assigned to a specific model of low horsepower locomotive. From the assigned
yard switcher jobs and shifts, and in consultation with UPRR personnel, an estimate of
the hours per day of switcher operation in a yard are developed, along with the specific
times of day when these activities occur (time of day assignments were made only if
operation was less than 24 hour per day). Duty cycles for switching operation are also
developed in consultation with local UPRR personnel. Depending on the type of activity
and type of trains being handled in a yard, duty cycle estimates may vary. In the absence
of more detailed information, the USEPA switcher duty cycle is assumed to be
representative of each switcher’s operation’. The total number of locomotive hours of

operation for each model are calculated and assigned to the areas in which the units work.

In some cases, yard jobs are assigned to specific areas within the yard and specific
models of locomotives. In these cases, the switcher activities are assigned specifically to
these areas of the yard.

Emission Factor Development

The locomotive model and technology group distributions derived in the development of
activity data are grouped by type or types of activity with consideration for the level and
nature of the activity. For example, a single distribution is used for through trains of all
types, including power moves, while consist model distributions for different types of
trains within a yard may be treated as separate distributions if they are handled in
different areas of a yard. As shown in Part VII of this report model-group-specific
emission factors by throttle setting were developed based on emission test data and sulfur
content adjustment factors. From these emission factors and the locomotive model and
technology distributions for different types of trains and activities, weighted average
emission factors are calculated for the “average” locomotive for that train type or activity
on a gram per hour basis. For each train type or activity, two separate idle emission rates
are calculated. The first is the straight weighted average emission rate for all
locomotives, while the second is the weighted average only for the fraction of
locomotives without automatic idle controls. Mathematically,

_ 4

i=l j=l k=1
for / corresponding to idle through N8, and
_ 11 4
QU*) =2 D F(i, /1) 00 j.1%)
i=l =l

for idling emission rate during periods when only locomotives without automatic idle
controls are idling

where

3 USEPA (1998). Locomotive Emission Standards -- Regulatory Support Document.
(Available at www.epa.gov/otag/regs/nonroad/locomotv/frm/locorsd. pdy).
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E(l) = weighted average emission factor for throttle setting /

Q(i,j,1) = the base g/hr emission factor of a particular model group/technology
class and throttle setting

F(i,j,k) = the fraction of locomotives of a particular model group/technology class
i = model group index (Switcher, GP-3x, etc.)

j = technology tier index (pre-Tier 0, Tier 0, Tier 1, Tier 2)

k = automatic idle control status index (with or without)

[ = throttle setting (idle, N1, .. ., N8)

I* = index for idle throttle of locomotives without automatic idle controls.

Thus, for each defined locomotive model distribution, gram per hour emission factors are
generated for each throttle setting.

Emission Calculations — Locomotive Movements

From the train activity analysis, the following data are available for each segment of
track: track length of segment L(i); speed V(i); movement duty cycle D(i) (a vector of
fractions of time spent in each throttle setting); number of trains of each type N(j); and
number of working locomotives per consist for each train type C(7). For each type of
train j, there is a set of throttle-specific emission factors O«(7) for the “average”
locomotive used on that train type. If a particular type of train or consist movement can
follow multiple paths within the yard, the activity is allocated to sequences of track
segments representing each such path. Total annual emissions g.(7) for each segment are
then calculated as

gol) = 23 N(GY-COHS DGD- 0,(D).
Vi) I {

Emission Calculations — Locomotive Idling

Locomotive idling is calculated in a similar manner for road power and locomotives in
service. For each train type and for service events, activity data provide a number of
annual events N(i), duration of idling by locomotives with (7,(i)) and without
(Thzre(i))automatic idle control, and gram per hour emission rates for the “average”
locomotive O,(i), and the “average” locomotive excluding those with automatic idle
controls Q,zrr(i). Total annual emissions are calculated as

Gige =2, N()-CO) (T Q)+ Tn () Qo (D).

If a particular type of activity occurs at multiple locations within the yard (e.g., on
multiple arrival or departure tracks), then the idling time is allocated to different
segments of track as appropriate so that segment-specific emissions are obtained.

A-4-5
APP-34



Emission Calculations — Load Testing

Ioad testing emissions are calculated separately for each throttle setting (idle, N1 and
N8) using the weighted average emission factors for the load-tested units, the number of
load tests of different types, and the duration of testing in each throttle setting for each
type of test.

Emission Calculations — Yard Switcher Operations

Activity data provide the number and model group information for yard switchers, and
the number of operating hours per day. Model-group specific emission factors are
multiplied by the duty cycle to generate weighted average gram per hour emissions for
idling and for combined emissions from operation in notch 1 through notch 8. Emissions
are calculated directly from the number of units, hours per day working, and duty cycle
weighted emission factors for both idle and non-idle throttle settings during work shifts.

AERMOD EMISSION INPUT PREPARATION

Emissions from both locomotives and from other emission sources in a yard are allocated
to multiple individual point or volume sources in AERMOD inputs. In addition to each
type of activity’s emission rates, the locations of emissions, the release parameters, and
other inputs (e.g., building downwash parameters, temporal variation in emissions, etc.)
are required by AERMOD. Emission inputs are prepared sequentially for different types
of activities and the areas within which they occur. The source elevation for each point
or volume source is interpolated from a high resolution terrain file.

Locomotive Movements

For each type of locomotive movement, emissions calculated for each track segment are
uniformly allocated to a series of evenly spaced volume sources along that track segment.
The maximum spacing between sources is specified and the number of sources to be used
for each segment is calculated from the segment length. The raw emission rate value in
the AERMOD inputs (g/sec) is based directly on the annual emission total for the
segment divided by the number of sources on that segment. For locomotive movements,
separate day and night release parameters are needed. Therefore, each source is
duplicated (but with a different source ID and parameters) in the AERMOD inputs, with
temporal profile inputs (EMISFACT HROFDY) that use day time parameters from 0600-
1800 and night time parameters for 1800-0600.

Loocomotive Idling and Load Testing

Locomotive idling and load testing emissions are allocated to track segments in the same
manner as locomotive movements, but as point, rather than volume sources. Each source
location may have up to three separate sources identified, with different stack parameters
used for idle, notch 1 and notch 8. Building downwash inputs are assigned from a pre-
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prepared set of records for a typical locomotives dimensions and the orientation of the
track segment on which the emissions occut.

Yard Switcher Operations

Yard switcher operations are allocated to areas within the yard based on the estimated
time spent working in each area. As for locomotive movements, yard switcher emissions
for a specific area are allocated uniformly to a number of volume sources on defined
segments. Day and night operations are handled similarly to train and consist
movements, with EMISFACT HROFDY records used to switch day and night volume
source release parameters. Depending on their magnitude and distance from yard
boundaries, the “working idling” emissions for yard switching may be added to the non-
idle emissions from volume sources, or treated as a series of point sources, using stack
parameters for the specific model group being used. If treated as point sources, building
downwash inputs are prepared as for other locomotive idling and load testing.
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APPENDIX A-5

PRINCIPLE LOCOMOTIVE ROUTES
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CONFIDENTIAL BUSINESS INFORMATION/TRADE SECRET

UPRR Stockton Through and Arriving Train Routes
—Ho ?,ndeg]

S

e
Through Trains North and Southbound (Green)
Freight Train Northbound Arrivals (Dashed Blue)
Freight Train Southbound Arrivals (Solid Blue)
Power Moves Northbound Arrivals (Dashed Red)
Power Moves Southbound Arrivals (Solid Red)
ACE Train Arrivals (Light Blue)
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CONFIDENTIAL BUSINESS INFORMATION/TRADE SECRET

= B ¥
Freight Train Northbound Departures (Solid Blue)
Freight Train Southbound Departures (Dashed Blue)
Power Moves Northbound Departures (Solid Red)
Power Moves Southbound Departures (Dashed Red)
ACE Trains (Light Blue)
SP Yard Switch Operations (Green)
East Yard South End Switch Operations (Black Dashed)

East Yard North End Switch Operations (Black Solid)
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Development of Detailed Railyard Emissions to Capture
Activity, Technology and Operational Changes

Robert . Ireson
Air Quality Management Consulting, 161 Vista Grande, Greenbrae, CA 94904
rob@AQMconsulting.com

M. J. (Jon) Germer and Lanny A. Schmid
Union Pacific Railroad Company, 1416 Dodge St., Omaha NE 68179
mjgermer(@up.com

ABSTRACT

Railyard operations involve a variety of complex activities, including inbound and outbound
train movements, classification (i.e., separating cars from inbound trains for redirection to multiple
destinations, and building new trains), and servicing locomotives. Standard locomotive duty cycles
provide long-term average activity patterns for locomotive operations, but they are not appropriate for
the specialized activities that occur within railyards or at locations such as ports, and emission densities
in such areas can be high relative to those of line haul activities. There are significant emission rate
differences between locomotive models, and differences in the types of service for which specific
models are used. Data for throttle-specific emissions, activity levels, and locomotive models and
operating practices can be used to provide more accurate emissions estimates for such operations. Such
data are needed to quantify actual emissions changes in these high activity areas. A calculation scheme
has been developed to generate detailed emission inventories based on the types of data that are
collected for managing rail operations. This scheme allows improved accuracy in emissions estimation,
and also provides a more reliable basis for bottom-up tracking of emissions changes over time. Factors
that can be addressed include: changes in the distribution of locomotive models and control technology
levels (e.g., increasing fractions of Tier 0, 1, and 2 locomotives) for both line haul and local operations,;
actual in-yard idling duration and reductions associated with auto-start-stop technologies; fuel quality
effects; and detailed operating practices for switching and train-building operations. By providing
detailed disaggregation of activity and emissions data, the method also makes it possible to quantify and
evaluate the effects of specific emission reduction alternatives.

INTRODUCTION

Freight movement by rail is a key component of the U.S. transportation infrastructure. The
combination of rail’s low rolling resistance and the fuel-efficient turbocharged diesel engines used in
modern locomotives make rail the most efficient mode of transport from both an emissions and
economic perspective. Railyards located strategically through the nation’s rail network are used to
assemble and direct goods movement to their destinations. Railyards may handle dozens of trains per
day, each powered by a “consist” of several locomotives. While in railyards, these locomotives are
serviced and regrouped into new consists as needed for specific departing trains. In addition to train
arrivals and departures and locomotive servicing, so-called “classification” yards separate rail cars in
inbound trains into segments with different destinations, and build new trains with a common
destination. This work is accomplished by switcher locomotives (typically of lower horsepower than the
locomotives used for “line-haul” operations). Some railyards also have major locomotive repair
facilities whose activities include load testing of locomotives prior to or after maintenance.
Collectively, the locomotive operations associated with these activities can result in relatively high
localized emission densities.
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The Union Pacitic Railroad (UPRR) is the largest railroad in North America, operating
throughout the western two-thirds of the United States. It operates a number of railyards throughout its
system, including the J. R. Davis Yard in Roseville, California. The Davis Yard is UPRR’s largest
classification yard in the western U.S. It is approximately one-quarter mile wide and four miles long,
and is visited by over 40,000 locomotives per year. The California Air Resources Board (CARB)
recently completed a detailed dlspers10n modeling study to estimate concentrations of diesel particulate
matter in the vicinity of the railyard.' UPRR cooperated closely with CARB in this study, including the
identification, retrieval and analysis of data needed to assemble a detailed emission inventory for
railyard operations. This effort produced the most detailed emission inventory for railyard operations
to-date, including empirically developed train counts, locomotive model distributions, locomotive
service and maintenance activities, and dedicated on-site switching operations. The results of this effort
have been further adapted to allow UPRR to track the effect of locomotive fleet modernization, freight
volume, and operational changes on emissions, and to identify opportunities for further emssion
reductions at the Davis Yard.

RAILYARD ACTIVITY ESTIMATION

At state and national levels, locomotive emissions have been estimated using locomotive fleet
population data and average locomotive emission factors, expressed in g/bhp-hr, in conjunction with
fuel efficiency estimates and fuel consumption. For freight locomotives, the emission factors are
typically derived using both a switching duty cycle and a line haul duty cycle, each of which gives the
fraction of operating time locomotives spend at different throttle settings, referred to as notch positions.”
These throttle settings (see Table 1) include idle, notches 1 through 8, and dynamic braking (in which
the locomotive traction motors are used to generate power which is dissipated through resistor grids).
While this approach can provide reasonable estimates for larger regions, neither the overall locomotive
fleet composition nor the standard duty cycles accurately reflect the specific activities that occur within
an individual railyard. The g/bhp-hr emission factors vary substantially between throttle settings and
between locomotive models. Other confounding factors include: speed limits within yards (which
preclude the high throttle settings used for line-haul activity outside of yards); locomotive load (consists
commonly move within yards with only one locomotive pulling and no trailing cars); and time spent
either shut down or idling. Classification activities are carried out with duty cycles that are unique to
yard operations and may vary from yard to yard. To develop more accurate emissions estimates, 1t is
necessary to explicitly identify railyard activities at the level of individual locomotives.

Table 1. Locomotive Duty Cycles.

Throttle Position (Percent Time in Notch)

Duty Cycle D.B. | Idle N1 N2 N3 N4 NS N6 N7 N8

EPA Line-Haul 12.5 | 38.0 6.5 6.5 5.2 4.4 3.8 3.9 3.0 16.2

EPA Switch 0.0 598 | 124 | 123 5.8 3.6 3.6 1.5 0.2 0.8

Trim Operations 0.0 44.2 5.0 25.0 2.3 21.5 1.5 0.6 0.0 0.0

Hump Pull-Back 0.0 604 | 125 | 124 59 3.6 3.6 1.5 0.0 0.0

Hump Push 0.0 0.0 0.0 100 0.0 0.0 0.0 0.0 0.0 0.0

Consist Movement 0.0 0.0 50.0 50.0 0.0 0.0 0.0 0.0 0.0 0.0

Load Tests:

10-Minute 0.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 80.0
15-Minute 0.0 333 0.0 0.0 0.0 0.0 0.0 0.0 0.0 66.7
30-Minute 0.0 333 | 333 0.0 0.0 0.0 0.0 0.0 0.0 333

To accomplish this, UPRR reviewed the types of databases available for its operations to identify
where explicit emission-related activity information could be generated for the Davis Yard. UPRR
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operates approximately 7000 locomotives over a network spanning 23 states. Large amounts of data are
generated and retained by UPRR for management purposes. These include tracking the location and
status of capital assets (e.g., locomotives and rail cars), tracking performance of specific activities, and
managing operations. These databases can be queried for data records specific to the Davis Yard, but
their content does not directly relate to emissions. Where possible, data providing a complete record of
emissions-related events (e.g., locomotive arrivals and departures) were identified and retrieved. Where
100 percent data for an activity could not be obtained (e.g., locomotive model number for each arriving
locomotive), distributions were developed based on available data, In some cases, data are not available
for specific types of emission events (e.g., the duration of idling for individual trains prior to departure).
In these cases, UPRR yard personnel were consulted to derive estimates of averages or typical operating
practices.

Railyard Operations — Inbound and Outbound Trains

The majority of locomotive activity in a railyard arises from inbound and outbound freight
traffic. Following arrival, consists are decoupled from their trains in receiving areas and are either taken
directly to outbound trains, or more commonly, are sent through servicing which can include washing,
sanding, oiling, and minor maintenance prior to connecting to outbound trains. Some fraction of trains
arriving at a yard simply pass through, possibly stopping briefly for a crew change. UPRR maintains a
database that, when properly queried, can produce detailed information regarding both arriving and
departing trains. Table 2 lists some of the key parameters that are available in this database. In this
study, 12 months of data were obtained for all trains passing through the Davis Yard. The extracted data
(over 60,000 records) included at least one record for every arriving and departing train, and each record
contained specific information about a single locomotive, as well as other data for the train as a whole.
The data were processed using a commercial relational database program and special purpose
FORTRAN code to identify individual train arrivals and departures and train and consist characteristics.

Table 2. Selected Train Database Parameters.

Used to Identify

Parameter Identification of | Location in Consist Temporal Train
Train Events Railyard | Composition Profile Characteristics

Train Symbol X

Train Section

Train Date

Arrival or
Departure

b I e P

Originating or
Terminating

Direction

Pl Bt I I

Crew Change?

Arrival & X
Departure Times

# of Locomotives

> [

# of Working
Locomotives

Trailing Tons X

Locomotive ID #

> [

Locomotive Model
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The parameters listed in Table 2 were used to calculate the number of trains by time of day
arriving or departing from each area of the yard, as well as average composition of their consists
(number of locomotives and distribution of locomotive models). The combination of train symbol, train
segment, and train date provided a unique identifier for a single arrival or departure, and the individual
locomotive models were tabulated to generate model distributions. Where necessary, working
horsepower and total horsepower were used to estimate the number of working locomotives in the
consist.

FEmission calculations associated with inbound and outbound trains included both periods of
movement within the yard boundaries and locomotive idling while consists we connected to their trains.
Based on train direction and the location of its arrival or departure, moving emissions were based on
calculations of time at different throttle settings based on distance traveled and estimated speed profiles,
considering speed limits on different tracks. Yard operators provided estimates for the average duration
of such idling for both inbound and outbound trains.

Railyard Operations — Classification

On arrival, inbound trains are “broken” into sections of rail cars destined for different outgoing
trains. Figure | shows a schematic diagram of the Davis Yard including a large central “bowl]”
consisting of a large number of parallel tracks connected by automated switching controls to a single
track to the west. Trains are pulled back to the west and then pushed to the “hump,” a slightly elevated
portion of track just west of the bowl. As cars pass over the hump, they are disconnected and roll by
gravity into the appropriate track in the bowl. Dedicated special purpose locomotives, known as “hump
sets,” are used in this operation. Unlike most locomotives, these units have continuously variable
throttles, rather than discrete throttle notch settings, to allow precise control of speed approaching the
hump. Switching locomotives, known as “trim sets” are responsible for retrieving the train segments or
trains being “built” in the bowl and moving them to the appropriate outbound track. The Davis Yard
operates a fixed number of hump sets and trim sets at any given time, with backup sets standing by for
shift changes and possible breakdowns.

Figure 1. Schematic of the J. R. Davis Yard.

Trim Operations Area
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b, N \“ B\ "i
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City Yard (Local Trains)

Receiving Yard
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Emission calculations for hump and trim operations were based on the number of working hump
and trim sets at any given time, plus assumed idling times of standby units. For the hump sets, yard
operators provided estimates of average pull-back and pushing times, and the duty cycles associated
with these operations. For pull-back, based on distance and speed limits, the EPA switcher duty cycle,
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excluding notch 7 and 8 was used. Pushing is conducted at the equivalent of notch 2. For the trim sets,
speed limits within the Yard preclude any high throttle setting operation, but there is a greater time spent
in mid-throttle settings than reflected in the EPA switcher cycle. A revised duty cycle was developed
for these units based on the EPA switcher duty cycle, with high throttle fractions (notches 7 and 8)
excluded, but with increased notch 1 and notch 4 operating time. These duty cycles are also shown in
Table 1.

Railyard Operations — Consist Movement, Service, Repair and Testing

After disconnecting from inbound trains, consists move to one of several servicing locations for
refueling and other maintenance, following designated routes in the yard. Typically, one locomotive in
each consist will pull the others, with throttle settings at notch 1 or 2. Based on distance and speed
limits, movement times were estimated for each route, and emissions calculated using the number of
locomotives following each route.

While being serviced, locomotives may be either idling or shut down. Locomotives must be
idling while oil and other routine checks are performed. In addition, since locomotive engines are
water-cooled and do not use antifreeze, they are commonly left idling during cold weather conditions.
New idling reduction technologies known as SmartStart and AESS provide computer-controlled engine
shut down and restart as necessary, considering temperature, air pressure, battery charge, and other
parameters. Yard personnel provided estimates of the average potential duration of idling associated
with different servicing events. Databases for service and maintenance activities maintained by UPRR
provide details on the number and types of service events at different locations in the yard. As for train
activity, these data were processed with a commercial relational database program and special purpose
FORTRAN code to characterize and tabulate service events. These results were used in conjunction
with data for the number of inbound and outbound consists to estimate total idling emissions for
different service event types and locations. Following service, consists are dispatched to outbound
trains. The same procedures were followed for estimating idle time, number of locomotives moving to
each outbound area of the yard, and the duration of each movement for emission calculations.

In addition to routine service, the databases include service codes indicating periodic inspections
of various types, as well as major maintenance activities requiring load testing of stationary locomotives.
Several types of load tests are conducted, including planned maintenance pre- and post-tests, quarterly
maintenance tests, and unscheduled maintenance diagnostic and post-repair tests. Depending on the test
type and locomotive model, these tests include some period of idling, notch 1 operation, and notch 8
operation. Data are not collected on the exact duration of individual tests, so estimates of average
duration for each throttle setting were provided by shop personnel, as shown in Table 1. The number of
tests of each type for each locomotive model group were tabulated based on the service codes in the
database for each service event.

Trends in Activity and Technology

The initial study was based on data from December 1999 through November 2000. Since that
time, UPRR’s locomotive fleet modernization program as well as changes in freight volumes have
occurred. A subsequent data retrieval for the period from May 2003 through April 2004 was made, and
emission calculations wpdated. A number of significant changes cccurred over this 40-month peried,
The distribution of locomotive models in line-haul operation showed a substantial shift from older,
lower horsepower units to new high horsepower units. The average number of locomotives per consist
remained the same at about 3, but the higher horsepower allowed an increase in train capacity (trailing
tons per train). The decrease in older units also resulted in a decrease in the frequency of major
maintenance load testing. In addition to updating activity inputs (number of locomotives by model) for
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emission calculations, calculations were modified to reflect the penetration of new and retrofit
technologies in the locomotive fleet, including SmartStart and AESS idling controls and Tier 0 and Tier
1 locomotives. UPRR data identifying the specific technologies installed on individual locomotives
were matched with locomotive 1D numbers in the train and servicing data retrievals to obtain a specific
count of the number of locomotives of each model for which emissions reductions were achieved by
these technologies. Historical temperature data for the Roseville area were used to estimate the fraction
of time computer controls would require idling when the locomotive would otherwise be shut down.

EMISSION FACTORS
Data Sources

The study of the J. R. Davis Yard focused on diesel exhaust particulate matter emissions. At
present, there is no unified database of emission test results for in-use locomotives. Appendlx B of the
USEPA’s Regulatory Support Document for setting new emission standards for locomotives” contains a
compilation of notch-spe(:]ﬁc emlssmn factors. These data were supplemented by test data reported by
Southwest Research Institute®*, as well as test data provided by locomotive manufacturers to assemble
emission factors for each of 11 locomotive model groups.

There are dozens of specific locomotive model designations, and emissions tests are not
available for all of them. However many models are expected to have nearly identical emission
characteristics. Depending on their intended use, locomotives of different models may have different
configurations (e.g., number of axles), but share a common diesel engine. For this project, 11
locomotive model groups were defined based on their engine models (manufacturer, horsepower,
number of cylinders, and turbo- or super-charging of intake air). Table 3 lists these model groups and
some of the typical locomotive models assigned to each group.

Table 3. Locomotive Model Groups

Model Group Engine Family Representative Models

Switchers EMD 12-645E GP-15, SW1500
GP-3x EMD 16-645E GP-30, GP-38
GP-4x EMD 16-645E3B GP-40, SD-40-2, SD-45-2
GP-50 EMD 16-645F3B GP-50, SD-50M
GP-60 EMD 16-710G3A GP-60, SD-60M
SD-7x EMD 16-710G3B SD-70MAC, SD-75
SD-90 EMD 16V265H SD-90AC, SD-90-43AC
Dash-7 GE7FDL (12 cyl) B23-7, B30-7, C36-7
Dash-8 GE7FDL (12 or 16 cyl) B39-8, B40-8, C41-8
Dash-9 GE7FDL (16 cyl) C44-9, C44AC
C60-A GE7HDL C60AC

Emission Factors and Fuel Effects

Figure 2 shows particulate matter (PM) emission factors for several of the more common
locomotive model groups at the low to intermediate throttle settings typical of yard operations. As
shown in the figure, emission rates generally increase with throttle setting. However, the older 3000 hp
GP-4x series shows emissions comparable to (and in some cases, higher than) the newer 4000 to 4500
hp SD-7x and Dash-9 models. Due to the relatively large fraction of time locomotives spend at low
throttle settings while in railyards, the relative differences in emission rates between models at these
settings can significantly affect emissions estimates if locomotive model distributions change over time.
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Figure 2. Locomotive PM Emission Factors (g/hr).
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The emission factors used were based on tests using fuel typical of national off-road diesel.
Initial emission estimates were derived by multiplying model-specific g/hr emission rates by the total
hours of operation and locomotive model fraction for each activity within the yard. At the Davis Yard,
over half of the diesel fuel dispensed to locomotives meets California on-road diesel fuel specifications
(so-called “CARB diesel”). To account for the effect of fuel quality on emissions, estimates of the
fraction of locally dispensed fuel burned by locomotives in different yard activities were developed.
These ranged from 100 percent for hump and trim sets to zero percent for inbound line-haul units prior
to refueling. These fractions were multiplied by the fraction of CARB diesel dispensed at the yard and
an estimate of 14 percent reduction in PM emissions for locomotives burning CARB diesel to develop
fuel effects adjustments for individual activities.

EMISSION TRENDS

Using the procedures described in the preceding sections, emissions estimates were developed
for the December 1999 to November 2000 period, and the May 2003 to April 2004 period. During this
period, significant changes in the UPRR locomotive fleet occurred, with the addition of new
locomotives and the retirement of older units. Figure 3 shows the locomotive model distributions for all
servicing events at the Davis Yard during these two periods. Service events include both the line-haul
and local units arriving and departing on trains (which make up the bulk of these events), as well as the
hump and trim sets. A significant increase in the relative fraction of high horsepower SD-7x and Dash-9
units is seen, and a corresponding decrease in the fraction of older GP-4x, GP-50, GP-60, Dash-7 and
Dash-8 models. In addition to the fleet modernization, tabulations of specific emission control
technologies on units serviced at the Davis Yard showed substantial penetration of new and retrofit

Raityindl: 2. doe 7

APP-47



technologies. Approximately 31 percent of locomotives serviced at the yard were equipped with
computer-controlled shut-down and restart technology, resulting in reduced idling times. Also,
approximately 27 percent of servicings were for Tier 0 locomotives, and approximately 25 percent were
Tier 1 units. Although the Tier 0 and Tier | technologies are not expected to substantially reduce PM
emissions, their nitrogen oxides emissions are lower. A few prototype Tier 2 units were observed in
2003 — 2004 data, and their reduced PM emissions will show benefits in the future.

Figure 3. Changes in Locomotive Model Distributions.
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The freight volume passing through the yard also changed between these periods. Table 4 lists
the percent change in the number of arriving and departing trains, locomotives, and trailing tons (a
measure of freight volume). The number of trains and locomotives showed little change, however the
trailing tons increased by approximately 15 percent, implying that the average train weight (and
correspondingly, the required consist horsepower) increased. This is a result of the increased
availability of high horsepower units in the UPRR fleet. A higher fraction of trains bypass the yard,
either not stopping, or stopping only for crew changes.

Table 4. Percent Change in Yard Activity Levels from 12/1999 — 11/2000 to 5/2003 — 4/2004.

Trains Locomotives Trailing Tons
Arrivals -5.2% -3.5% -
Departures -7.0% -7.3% -
Throughs (Bypassing the yard) 8.0% 6.8% -
Total Arrivals and Departures -0.3% -0.9% 15.1%

The newer locomotive fleet also affected the level of load testing activity required. Table 5 lists
the percent change in the number of load tests of different types, and the corresponding change in total
locomotive testing time at idle, notch 1, and notch 8. The extended 30-minute post-maintenance tests
were substantially reduced, and total hours of testing were reduced for the various throttle settings
between 12 and 43 percent.
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Table 5. Percent Change in Load Test Activity from 12/1999 — 11/2000 to 5/2003 — 4/2004.

10-Minute Tests -18.9%
15-Minute Tests 14.6%
30-Minute Tests -43.2%
Total Tests -12.3%
Idling Hours -20.6%
Notch 1 Hours -43.2%
Notch 8 Hours -12.0%

The combined net result of these changes is shown in Table 6. Between November 2000 and
April 2003, total estimated PM emissions in the yard decreased by approximately 15 percent.
Reductions in idling and movement emissions of about 20 percent were calculated, due to the
combination of a newer, lower emitting locomotive fleet and the computer-controlled shutdown
technologies (both retrofits and standard equipment on newer units). Hump and trim emissions were
reduced by about 6 percent, and load testing emissions by about 14 percent.

Table 6. Emissions Changes from 12/1999 — 11/2000 to 5/2003 — 4/2004.

Estimated Emissions (tons per year) Percent Change
12/1999 — 11/2000 5/2003 — 4/2004
Idling and Movement of Trains 52 4.2 -20.3%
Idling and Movement of Consists 8.5 6.8 -20.2%
Testing 1.5 1.3 -14.1%
Hump and Trim 7.0 6.6 -5.7%
Total 22.3 18.9 -15.3%
CONCLUSIONS

Because of the unique features of each individual railyard, top-down methods (e.g., based only
on tons of freight handled or number of arriving locomotives) cannot provide reliable estimates of
railyard emissions. Yard-specific data are needed. In-yard activity patterns (and emissions) will vary
between yards depending on factors such as: the type of yard (e.g., hump or flat switching classification
yards, or intermodal facilities); the presence and capabilities of service tracks or locomotive repair
shops; the types of freight handled; the location of the yard in the rail network; and yard configuration.
The development of procedures for retrieving and analyzing activity data and locomotive characteristics
for a specific railyard is a substantial improvement of alternatives based on top-down estimation. By
obtaining disaggregate data for the range of specific activities occurring within railyards, it is possible to
reliably estimate historical trends in emissions, as well as to evaluate the potential effects of operational
changes and new technologies. Railyard operations cannot be treated in isolation, since these yards are
only one component of complex national level systems. Nevertheless, the ability to assess the details of
yard operations and their emissions provides an improved basis for environmental management
decisions at both local and larger scales.
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Appendix A-7

Development of Adjustment Factors for Locomotive DPM Emissions
Based on Sulfur Content

Wong (undated) provides equations for estimating g/bhp-hr emission rates for 4-Stroke
(GE) and 2-Stroke (EMD) locomotives. Rather than using these statistically derived
estimates for absolute emissions when model- and notch-specific emission factors are
available, we used these equations to develop relative emission rate changes for different
sulfur levels. The basic form of the equation is

g=a-S+b
Where,

g 1s the predicted g/bhp-hr emission rate of a locomotive at a specific throttle
setting and sulfur content;

a and b are coefficients specific to a locomotive type (2- or 4-stroke) and throttle
notch; and

§ is the fuel sulfur content in ppm.

Thus, to calculate the emission adjustment factor for a specific fuel sulfur content, it is
necessary to calculate the nominal emission rate g, for the baseline fuel sulfur content Sp,
and the emission rate g; for the fuel of interest with sulfur content S;. This adjustment
factor &; 1s simply

k=1-9"4)
9o

Where, g and ¢; are calculated using the equation above. Tables 1 and 2 give the values
of the a and b coefficients for 4-stroke and 2-stroke locomotives. For throttle settings
below notch 3, sulfur content is not expected to affect emission rates. The baseline
emission rates from which actual emissions are estimated were derived from emission
tests of different locomotive models. Although full documentation of fuels is not
available for all of these tests, they are assumed to be representative of actual emissions
of the different models running on 3,000 ppm sulfur EPA non-road Diesel fuel. For the
purposes of modeling 2005 emissions, these factors are needed to adjust the baseline
emission factors to emission factors representative of two fuels — 221 ppm and 2639 ppm.
Table 3 shows the resulting correction factors for these two fuels by notch and engine
type. To generate locomotive model-, throttle-, tier-, and fuel-specific emission factors,
the base case (nominal 3,000 ppm S) emission factors in Table 4 were multiplied by the
corresponding correction factors for throttle settings between notch 3 and notch 8.
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Table 1

Sulfur Correction Coefficients for 4-Stroke Engines

Throttle Setting a b
Notch 8 0.00001308 0.0967
Notch 7 0.00001102 0.0845
Notch 6 0.00000654 0.1037
Notch 5 0.60000548 0.1320
Notch 4 0.00000663 0.1513
Notch 3 0.00000979 0.1565

Table 2
Sulfur Correction Coefficients for 2-5Stroke Engines

Throttle Setting a b
Notch § 0.0000123 0.3563
Notch 7 0.0000096 0.2840
Notch 6 0.0000134 0.2843
Notch § 0.0000150 0.2572
Notch 4 0.0000125 0.2629
Notch 3 0.0000065 0.2635

APP-53



Table 3

DPM Emission Adjustment Factors for Different Fuel Sulfur Levels

Throttle 4-Stroke (GE) 3-Stroke (EMD)
Setting 2639ppmS | 22lppmS | 2,639ppmS | 221ppmS
Notch 8 0.9653 0.7326 0.9887 0.9131
Notch 7 0.9662 0.7395 0.9889 0.9147
Notch 6 0.9809 0.8526 0.9851 0.8852
Notch 5 0.9867 0.8974 0.9821 0.8621
Notch 4 0.9860 0.8924 0.9850 0.8844
Notch 3 0.9810 0.8536 0.9917 0.9362
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OFFROAD Modeling Change Technical Memo

SUBJECT: Changes to the Locomotive Inventory

LEAD: Walter Wong

Summary

The statewide locomotive emission inventory has not been updated since 2002.
Using the Booz-Allen Hamilton’s (BAH) study (Locomotive Emission Study)
published in 1992 as a guideline (summary of inventory methodology can be
found in Appendix A), staff updated the locomotive inventory.

The history of locomotive emission inventory updates began in 1992 using the
results from the BAH report as the baseline inventory. In 2003, staff began
updating the emissions inventory by revising the growth assumptions used in the
inventory. The revised growth factors were incorporated into the ARB's 2003
Almanac Emission Inventory. With additional data, staff is proposing further
update to the locomotive inventory to incorporate fuel correction factors, add
passenger train data and Class |l locomotives. Changes from updated
locomotive activity data have made a significant impact on the total inventory
(see Table 1).

Table 1. Impact of Changes on Statewide Locomotive Inventory

Pre 2003 ARB Revised Inventory Difference
Almanac Inventory (tons/day) (tons/day)
(tons/day)

Year HC NOx PM HC NOx PM HC NOx PM
1987 7.2 158.8 3.6 7.2 158.8 3.6 0.0 0.0 0.0
2000 7.2 144.8 2.8 9.8 207.2 4.7 2.6 62.4 1.9
2010 7.2 77.8 2.8 9.5 131.9 4.2 2.3 54.1 1.4
2020 7.2 77.8 2.8 9.4 134.6 4.1 2.2 56.8 1.3

Reasons For Change

During the 2003 South Coast’s State Implementation Plan (SIP) development

nrocess, industry consultants approached Air Resources Board (ARB) staff to

refine the locomotive emissions inventory. Specifically, their concerns were
related to the growth factors and fuel correction factors used in the inventory
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calculations. This document outlines how the locomotive emissions inventory
was updated and the subsequent changes made to address industry’s concerns.

Background : Baseline 1987 Locomotive Emissions Inventory (BAH report)

Locomotive operations can be characterized by the type of service performed.
For emission inventory purposes, locomotives are classified into five different
service types as defined in BAH’s report.

Line-haul/intermodal — Intermodal locomotives generally operate at higher
speeds and with higher power than other types and incorporate modern,
high-speed engines.

Mixed/bulk — Mixed locomotives are the most common and operate with a
wide range of power. They also perform line-haul duties.

Local/Short Haul — Local locomotives perform services that are a mixture
of mixed freight and yard service. They operate with lower power and use
older horsepower engines.

Yard/Switcher — Yard operations are used in switching locomotives and
characterized by stop and start type movements. They operate with
smaller engines and have the oldest locomotive engines.

Passenger — Passenger locomotives are generally high speed line haul
type operations.

Categories of railroads are further explained by a precise revenue-based
definition found in the regulations of the Surface Transportation Board (STB).
Rail carriers are grouped into three classes for the purposes of accounting and
reporting:

Class | —Carriers with annual operating revenues of $250 million or more

Class Il — Carriers with annual operating revenues of less than $250
million but in excess of $20 million

Class lll - Carriers with annual operating revenues of less than $20 million
or less, and all switching companies regardless of operating revenues.

The threshold figures are adjusted annually for inflation using the base year of
1991.

01/05/07 2
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The 1987 locomotive inventory as shown in Table 2 is taken from the BAH report
prepared for the ARB entitled “Locomotive Emission Study” completed in 1992
(http://www.arb.ca.gov/app/library/libcc.php). Information was gathered from
many sources including ARB, the South Coast Air Quality Management District,
the California Energy Commission, the Association of American Railroads (AAR),
locomotive and large engine manufacturers, and Southwest Research Institute.
Railroad companies, such as Southern Pacific, Union Pacific, and Atchison,
Topeka and Santa Fe (ATSF), provided emission factors, train operation data,
and throttle position profiles for trains operating in their respective territories.
Southwest Research Institute provided emission test data.

Table 2. 1987 Locomotive Inventory in Tons Per Day, Statewide, BAH report

TYPE HC CO NOX PM SOX
Line-Haul/intermodal 3.97 12.89 | 86.21 1.97 6.36
Short-Haul/Local 0.96 3.06 21.30 0.46 1.59
Mixed 1.51 4.85 37.34 0.81 2.76
Passenger 0.10 0.22 3.24 0.07 0.30
Yard/Switcher 0.62 1.57 10.69 0.24 0.58
Total 7.16 2259 | 158.78 | 3.55 11.59

The assumed average fuel sulfur content is 2700 parts per million (ppm) obtained
from the BAH report.

Current Growth Estimates

Prior to the 2003 South Coast SIP update, growth factors were based on
employment data in the railroad industry. Staff believes that the use of historic
employment data, which translates to a decline in emissions in future years, may
be masking actual positive growth in locomotive operations. It may be assumed
that the number of employees is declining due fo increased efficiency.

Changes to the Locomotive Inventory

Summary of Growth in Emission Based on BAH Report

Growth is estimated based on train operation type and by several operating
characteristics.

Increased Rail Lube and Aerodynamics — this arises from reduction in
friction and will help reduce power requirements.

01/05/07 3
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Introduction of New Locomotives — older locomotive units will be replaced
by newer models.

Changes in Traffic Level — the increase or decrease in railroad activity

In the BAH report, projected emission estimates for years 2000 and 2010 were
based on the factors shown in Tables 3 and 4. A substantial part of the
locomotive emission inventory forecast is based upon projections of rail traffic
levels. BAH projected future rail traffic level as a function of population and
economic growth in the state. BAH also projected growth in emission only to
2010.

Table 3. Changes in Emissions from 1987-2000 (Exhibit 4 p. 11 of
the 8/92 Locomotive Emission Study Supplement) (1987 Base Year)

Train Increased Rail Introduction Changes in  Cumulative
Operation Lube and of New Traffic  Net Growth in
Type Aerodynamics Locomotive Levels Emissions
Intermodall -7.0% -8.0% 17.0% 2.0%
Mixed & Bulk -7.0% -8.0% 2.0% -13.0%
Local -3.0% -3.0% -2.0% -8.0%
Yard 0.0% -1.0% -25.0% -26.0%
Passenger -7.0% -8.0% 10.0% -5.0%

Table 4. Changes in Emissions from 2001-2010 (Exhibit 4 p. 11 of
the 8/92 Locomotive Emission Study Supplement) (2000 Base Year)

Train Increased Rail Improved Introduction Changesin Cumulative
Operation Lube and  Dispatching of New Traffic  Net Growth in
Type Aerodynamics and Train Locomotive Levels Emissions
Control
Intermodal -2.0% -3.0% -8.0% 25.0% 12.0%
Mixed & Bulk -2.0% -3.0% -8.0% 0.0% -13.0%
Local -1.0% 0.0% -12.0% -10.0% -23.0%
Yard 0.0% 0.0% -10.0% -15.0% -25.0%
Passenger -2.0% -3.0% -8.0% 15.0% 2.0%

BAH added “Improved Dispatching and Train Control” to differentiate these
impacts from the “Increased Rail Lubing” which helps to improve fuel efficiency
from locomotive engines. Since train control technigues are emerging from the
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signal company research work, these assumed changes will not impact emission
until year 2000.

Based on industry's input, staff recommends several changes to the locomotive
emissions inventory. These include modifying growth factors, making
adjustments to control factors reflecting the U. S. EPA regulations that went into
effect in year 2000, incorporating fuel correction factors, adding smaller class lll
railroad and industrial locomotive, and updating passenger daia.

Revised Growth in Emissions

Staff revised the growth factors for locomotives based on new data that better
reflect locomotive operations. This includes U.S. industrial production and
various railroad statistics available from the AAR.

Based on historic data recently obtained from U.S. industrial productions and the
AAR, the changes in traffic levels were revised. A better estimate for changes in
traffic levels for locomotives can be made to the line-haul class of railroad, which
are the intermodal and mixed and bulk type of locomotives, using industrial
production and AAR’s data.

Industrial production data is considered to be a surrogate for changes in traffic
levels of the line-haul locomotive. It is assumed that railroad activity would
increase in order to accommodate the need to move more product. Industrial
production is the total output of U.S. factories and mines, and is a key economic
indicator released monthly by the Federal Reserve Board. U.S. industrial
production historical data from 1920 to 2002 was obtained and analyzed from
government sources. Figure 1 shows the historical industrial production trend
(Source : http://www.research stlouisfed.org/fred?/series/INDPRO/3/Max}.
Statistical analysis was used to derive a polynomial equation to fit the data.

01/05/07 5
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Another surrogate for growth is net ton-miles per engine. Consequently, staff

analyzed railroad data from the AAR'’s Railroad Facts booklet (2001 edition).
The booklet contains line-haul railroad statistics including financial status,
operation and employment data, and usage profiles. Revenue ton-mile and

locomotives in service data from the booklet were used to compute the net ton-

miles per engine as shown in Table 5.
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Table 5. Revenue Ton-Miles and Ton-Miles/Engine (AAR Railroad Facts 2001
edition)

Year Locomotive Revenue Ton- Ton-
Diesel in Miles Mites/Engine
Service (US)
1987 19,647 943,747 48.04
1088 19,364 996,182 51.45
1989 19,015 1,013,841 53.32
1990 18,835 1,033,969 54.90
1991 18,344 1,038,875 56.63
1992 18,004 1,066,781 59.25
1993 18,161 1,109,309 61.08
1994 18,496 1,200,701 64.92
1995 18,810 1,305,688 69.41
1996 19,267 1,355,975 70.38
1997 19,682 1,348,926 68.54
1998 20,259 1,376,802 67.96
1999 20,254 1,433,461 70.77
2000 20,026 1,465,960 73.20

As shown in Figure 2, there is a relatively good correlation between net ton-miles
per engine growth and industrial production. Because net ton-miles per engine
data are compiled by the railroad industry and pertains directly to the railroad
segment, staff believes that net ton-miles per engine will better characterize
future traffic level changes.

Figure 2. Ton-miles/Engine vs. Industrial Production (index base year = 1987)
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The ton-miles/engine data were projected to calculate the future growth rate of
traffic level using a linear equation.

Staff also made changes to the “Increased Rail Lube and Aerodynamics”
assumption shown in Tables 3 and 4. Rail lubing does not benefit the idling
portion of locomotive activity. Since idling contributes 20% of the weighting in the
line-haul duty cycle, staff reduced the rail lubing benefit by 20%. Meanwhile,
improved dispatching and train control is assumed only to reduce engine idling.
Therefore, staff reduced the improved dispatching benefit by 80%.

The benefit of the introduction of new locomotives to the fleet was decreased
from the original BAH assumption. BAH assumed 50% penetration of the new
engines by 2000. Literature research suggests that the new engines accounted
for only about 34% of the fleet in 2000 (www.railwatch.com,
hitp://utahrails.net/all-time/modern-index.php). These new engines are assumed
to be 15% cleaner. Therefore, the benefit from new locomotive engines has
been reduced to 5% (34% x 15% = 5% reduction).

Tables 6, 7, and 8 present the revised growth factors to be used to project the
baseline (1987) locomotive emissions inventory into the future.

Table 6. ARB Revised Growth 1987-2000, ARB’s 2003 Almanac
Emission Inventory

Train Increased Rail Introduction Population Changesin Cumulative Annual
Operation Lube and of New increase Traffic Levels Net Growth in Growth
Type Aerodynamics  Locos Emissions

Intermodal -5.6% -5.1% 1.9% 50.0% 41.2% 2.69%
Mixed & Bulk -5.6% -5.1% 1.9% 50.0% 41.2% 2.69%
Local -2.4% 0% 0% -2.0% -4.4% -0.35%
Yard 0.0% 0% 0% -25.0% -25.0% -2.19%
Passenger -5.6% 0% 1.9% 10.0% 6.3% 0.47%

The benefit of new locomotives with cleaner burning engines is accounted for in
the control factor from EPA’s regulation beginning in 2001, which takes into
account introduction of new locomotive engines meeting Tier | and Tier Il
standards.
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Table 7. ARB Revised Growth 2001-2010 (2000 Base Year, ARB's 2003
Almanac Emission Inventory)

Train Increased Rail Improved Changesin Cumulative Annual
Operation Lube and  Dispatching Traffic ~ Net Growthin  Growth
Type Aerodynamics and Train Levels Emissions
Control

Intermodal -1.6% -0.6% 22.5% 20.3% 1.87%
Mixed & Bulk -1.6% -0.6% 22.5% 20.3% 1.87%
Local -0.8% -0.6% -10.0% -11.4% -1.20%
Yard 0.0% 0.0% -15.0% -15.0% -1.61%
Passenger -1.6% 0.0% 15.0% 13.4% 1.27%

Table 8. ARB Revised Growth 2010-2020 (2010 Base Year, ARB’s 2003
Almanac Emission Inventory)

Train Increased Rail Improved Changesin Cumulative Annual
Operation Lube and  Dispatching Traffic Net Growth Growth
Type Aerodynamics and Train Levels
Control

Intermodal 0.0% 0.0% 18.0% 18.0% 1.67%
Mixed & Bulk 0.0% 0.0% 18.0% 18.0% 1.67%
Local 0.0% 0.0% 0.0% 0.0% 0.00%
Yard 0.0% 0.0% 0.0% 0.0% 0.00%
Passenger 0.0% 0.0% 0.0% 0.0% 0.00%

In Tabie 8, staff assumes no benefit from aerodynamics and improved train
controls. Staff seeks guidance from industry as to their input regarding future
benefits.
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Table 9. Revised Growth in Emissions (Base Year 1987)

Year Intermodal Mixed & Local Yard Passenger
Bulk
1987 1.00 1.00 1.00 1.00 1.00
1988 1.03 1.03 1.00 0.98 1.00
1989 1.056 1.05 0.99 0.96 1.01
1990 1.08 1.08 0.89 0.94 1.01
1991 1.1 1.1 0.99 0.92 1.02
1992 1.14 1.14 0.98 0.90 1.02
1993 1.17 1.17 0.98 0.88 1.03
1994 1.20 1.20 0.98 0.86 1.03
1995 1.24 1.24 0.97 0.84 1.04
1996 1.27 1.27 0.97 0.82 1.04
1997 1.30 1.30 0.97 0.80 1.05
1998 1.34 1.34 0.96 0.78 1.05
1999 1.38 1.38 0.96 0.77 1.06
2000 1.41 1.41 0.96 0.75 1.06
2001 144 1.44 0.94 0.74 1.08
2002 1.47 1.47 0.93 0.73 1.09
2003 149 1.49 0.92 0.71 1.10
2004 1.52 1.52 0.91 0.70 1.12
2005 1.55 155 0.90 0.69 1.13
2006 1.58 1.58 0.89 0.68 1.15
2007 1.61 1.61 0.88 0.67 1.16
2008 1.64 1.64 0.87 0.66 1.18
2009 1.67 1.67 0.86 0.65 1.19
2010 170 1.70 0.85 0.64 1.21
2011 1.73 1,73 0.85 0.64 1.21
2012 1.76 1.76 0.85 0.64 1.21
2013 1.79 1.79 0.85 0.64 1.21
2014 1.81 1.81 0.85 0.64 1.24
2015 185 1.85 0.85 0.64 1.21
2016 1.88 1.88 0.85 0.64 1.21
2017 1.91 1.91 0.85 0.64 1.21
2018 1.94 1.94 0.85 0.64 1.21
2019 1.97 1.97 0.85 0.64 1.21
2020 2.00 2.00 6.85 0.64 1.21

Control Factors for U.S. EPA regulation

In December 1997, the U.S. EPA finalized the locomotive emission standard
regulation. The regulatory support document lists the control factors used
(http://www.epa.gov/otag/regs/nonroad/locomotv/frm/locorsd.pdf). Staff modified
the control factors to incorporate the existing memorandum of understanding
(hitp:/iwww.arb.ca.gov/msprog/offroad/loco/loco.htm) between the South Coast
AQMD and the railroads that operate in the region. Previously, one control factor
was applied statewide. In the revised emissions inventory starting in 2010, a
lower control factor reflecting the introduction of lower emitting locomotive
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engines in the SCAB region was applied. Tables 10 and 11 show the revised

control factors. Road hauling definition as used by U.S. EPA applies to the line-
haul/intermodal, mixed, and local/short haul train type in the emissions inventory.

Table 10. Revised Statewide Control Factors

State State State State State State State State State
Road Road Road Switcher Switcher Switcher | Passenger | Passenger | Passenger
Hauling Hauling Hauling
Year HC NOx PM HC NOx PM HC NOx PM
1999 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2000 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2001 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2002 1.00 0.88 1.00 1.00 0.98 1.00 1.00 0.98 1.00
2003 1.00 0.82 1.00 1.00 0.97 1.00 1.00 0.96 1.00
2004 1.00 0.75 1.00 1.00 095 1.00 1.00 0.94 1.00
2005 0.96 0.68 0.96 0.99 093 0.99 0.98 0.92 0.98
2006 0.92 0.62 0.02 0.99 0.9 0.99 0.986 0.90 0.96
2007 0.89 0.59 0.89 0.98 0.89 0.98 0.94 0.83 0.94
2008 0.87 0.57 0.86 0.98 0.87 0.97 0.92 0.76 0.92
2009 0.84 0.55 0.84 0.97 0.85 0.97 0.91 0.62 0.90
2010 0.82 0.54 0.81 0.96 0.83 0.96 0.89 0.682 0.88
2011 0.81 0.53 0.80 0.96 0.81 0.95 0.87 0.57 0.87
2012 0.80 0.53 0.79 0.95 0.79 0.94 0.85 0.56 0.85
2013 0.79 0.52 0.78 0.94 0.77 0.93 0.83 0.54 0.83
2014 0.77 0.51 0.76 0.94 0.75 0.93 0.82 0.53 0.81
2015 0.76 0.50 .78 0.93 0.73 092 0.80 0.52 0.79
2016 0.75 0.50 0.74 0.92 0.71 0.9 0.78 0.51 0.77
2017 0.74 0.49 072 0.91 0.70 0.90 0.76 0.50 0.75
2018 0.73 048 0.7 0.90 0.69 0.89 0.74 0.49 0.73
2019 0.71 0.48 0.70 0.89 0.68 0.88 0.73 0.48 0.71
2020+ 0.70 047 0.69 0.89 0.67 0.87 0.71 0.47 0.69
01/05/07 11

APP-56



PRELIMINARY DRAFT - DO NOT CITE OR QUOTE

Table 11. Revised SCAB Control Factors

SCAB SCAB SCAB SCAB SCAB SCAB
Road Road Road Switcher Switcher Switcher
Hauling Hauling Hauling
Year HC NOx PM HC NOx PM
1999 1.00 1.00 1.00 1.00 1.00 1.00
2000 1.00 0.99 1.00 1.00 1.00 1.00
2001 1.00 0.95 1.00 1.00 1.00 1.00
2002 1.00 (.88 1.00 1.00 0.98 1.00
2003 1.00 0.82 1.00 1.00 0.97 1.00
2004 1.00 0.75 1.00 1.00 0.95 1.00
2005 0.96 0.68 0.96 0.99 0.93 0.9
2006 0.92 0.62 0.92 .99 0.91 0.99
2007 0.89 0.59 0.89 0.98 0.89 0.98
2008 0.87 0.57 0.86 .98 0.87 0.97
2009 0.84 0.55 0.84 0.97 0.85 0.97
210 0.82 0.36 0.81 0.96 0.36 0.96
2011 0.81 0.36 0.80 0.96 0.36 0.95
2012 0.80 0.36 0.79 0.95 0.36 0.94
2013 0.79 0.36 0.78 0.94 0.36 0.93
2014 0.77 0.36 0.76 0.94 0.36 0.93
2015 0.76 0.36 0.75 0.93 0.36 0.92
2016 0.75 0.36 0.74 0.92 0.36 0.91
2017 0.74 0.36 0.72 0.91 0.36 0.920
2018 0.73 0.36 0.71 0.90 0.36 0.89
2019 0.71 0.36 0.70 0.89 0.36 0.88
2020+ 0.70 0.36 0.69 0.89 0.36 0.87

Addition of Class lll Locomotive and Industrial/Military Locomotive

The annual hours operated by the class lll railroads are shown in Table 12.

The results were tabulated from ARB Stationary Source Division’s (SSD) survey
(http://www.arb.ca.gov/regact/carblohc/carblohc.htm) conducted to support
regulation with regards to ARB ultra-clean diesel fuel.
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Table 12. Short-Haul and Switcher Annual Hours for Class Il Railroads

Air Basin Operations | Population |Annual Hours Operated
Mountain Counties |SW 2 10214
Mojave Desert L 10 27440
North Coast L 3 5700
North Central Coast |L 1 1332
SW 3 3996
Northeast Plateau |L 5 0892
South Coast SW 21 75379
South Central Coast [L 5 3200
San Diego L 4 5000
San Francisco L 8 31600
SW 4 5059
San Joaquin Valley |L 29 68780
SW 19 72248
Sacramento Valley |L 6 11400
Total 120 331240

L = local short-haul, SW = switcher

The short-haul and switcher emission rate are derived from BAH report. The
report cites studies from testing done at EPA and Southwest Research Institute.

Table 13. Short-Haul and Switcher Emission Rate

Emission Rate Short-Haul Switcher
(g/bhp-hr} {g/bhp-hr)
HC 0.38 0.44
CcO 1.61 1.45
NOx 12.86 15.82
PM 0.26 0.28
SOx 0.89 0.90
Fuel Rate (Ib/hr) 120.00 60.00

01/05/07
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Table 14. Statewide Summary of Industrial Locomotives

Air Basin Number of | Avg. HP [Avg. Age
Locomotives
Mojave Desert 9 1,138 56
Others 11 587 54
San Francisco 11 525 54
San Joaqguin Valley 38 1,176 54
South Coast 24 1,290 55
TOTALS 93 1,055 55

Table 15. Statewide Summary of Military Locomotives

Air Basin Number of | Avg. HP |Avg. Age
LLocomotives

Mojave Desert 7 900 50
Northeast Plateau 2 1,850 50
Sacramento Valley 1 500 50
San Diego 7 835 50
San Francisco 4 1525 47.5
San Joaquin Valley 2 400 50
South Central Coast 1 500 50
TOTALS 24 930 49.6

The data from the survey provides a reasonable depiction of railroad activities in
2003. To forecast and backcast, an assumption was made to keep the data
constant and have no growth. More research is needed to quantify the growth
projections of smaller, local railroad activities.

Update to Passenger Trains

ARB'’s survey of intrastate locomotives included passenger agency trains that
operated within the state. Staff attempted to reconcile the survey results by
calculating the operation schedules posted by the operating agency to obtain
hours of operation and mileage information. The results of the survey and
calculated operating hours were comparable. Table 16 lists the calculated
annual hours operated and miles traveled used o estimate emissions.
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Table 16. Passenger Trains Annual Miles and Hours'

Air Basin Annual Annual
Miles Operated | Hours Operated

South Coast 3,700,795 92,392
South Central Coast 151,864 4,020

San Diego 914,893 25,278
San Francisco 2,578,862 77,944
San Joaquin Valley 674,824 17,313
Sacramento Valley 635,384 20,058
Total 8,656,621 237,006

The passenger train emission rate is derived from testing done at SWRI on

several passenger locomotives.

Table 17. Passenger Train Emission Rate

Emission Rate Passenger Train
(g/bhp-hr)

HC 0.50

CcO 0.69

Nox 12.83

PM 0.36

Sox 0.90

Fuel Rate (Ib/hr) 455.00

Fuel Correction Factors

Aromatics

Previous studies quantifying the effects of lowering aromatic content are listed in
Table 18. These studies tested four-stroke heavy-duty diesel engines (HDD).
Although staff would have preferred to analyze data from tests performed on
various locomotive engines to determine the effects of lower aromatics, these
HDD tests are the best available resources to determine the fuel corrections
factors due to lower aromatics.
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Table 18. Effect of Lowering Aromatic Volume on PM Emission

STUDY Sulfur Aromatics PM Reduction
(ppm) (Volume %) (%)
Chevron (1984) 2,800 31 Baseline
Chevron (1984) 500 31 23.8
Chevron (1984) 500 20 32.2
Chevron (1984) 500 15 36.0
Chevron (1984) 500 10 39.9
CRC-SWRI (1988) 500 31 Baseline
CRC-SWRI (1988) 500 20 9
CRC-SWRI (1988) 500 15 13
CRC-SWRI (1988) 500 10 17

Source : http://www.arb.ca.gov/fuels/diesel/diesel.htm

Using a linear regression of the data from the Table 18, the PM reduction from a

change in aromatic content can be described as :

4-Stroke Engine
PM reduction = [(Difference in Aromatic Volume) * 0.785 + 0.05666]/100

For 2-Stroke engines, staff used test data from SWRI's report published in 2000

entitted “Diesel Fuel Effects on Locomotive Exhaust Emissions” to estimate

indirectly the potential PM reduction for 2-Stroke engines due to lower aromatics.

Table 19 lists the summary of the test results.

Table 19. SWRI 2000 Study Summary Results

Locomotive Aromatic PM PM %

Engine Changes Difference | Difference
(Volume %) | (g/bhp-hr)

4 Stroke 28.351t0 21.84 0.080 37.6%

2 Stroke 28.35 to 21.84 0.056 14.1%

Staff assumes that PM emission reduction from 2-Stroke engine will have a
factor of 0.38 (14.1%/37.6%) to the 4-Stroke engine PM emission reduction.
Currenily, the baseline iocomotive emissions inventory assuimes an
total volume percent of 31%. Table 21 describes the changes in PM emission
due to changes in total volume percent of aromatics.
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Table 20. Examples of PM Reductions Due to Changes in Aromatic Total
Volume Percent

Aromatic Volume | PM Reduction |PM Reduction| PM Reduction
Percent
From To 2 Stroke 4 Stroke Composite
31 28 0.9% 2.4% 1.3%
31 19 3.6% 9.5% 51%
31 10 6.3% 16.5% 8.9%

*composite is 75% 2 Stroke Engine and 25% 4 Stroke Engine

Table 21,Table 22, and Table 23 show the PM emission reduction for the
different type of fuels used in the state.

Table 21. PM Emission Percent Change of Line-Haul Due to Aromatics,
Statewide

Calendar | CARB EPA | Off-road | Weighted |PM Emission
Year Aromatic | Aromatic | Aromatic | Aromatic Percent
Volume | Volume | Volume | Volume Change
(%) (%) (%) (%)
1992 31 31 31 31.00 0.00
1993 10 31 31 31.00 0.00
1994 10 31 31 31.00 0.00
1995 10 31 31 31.00 0.00
1996 10 31 31 31.00 0.00
1997 10 31 31 31.00 0.00
1998-2001 10 31 31 30.18 -0.004
2002-2006 10 31 31 29.05 -0.009
2007+ 10 31 31 29.05 -0.009
01/05/07 17
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Table 22. Class | Line Haul Weighted Aromatic Volume Percent by Air Basin

Interstate Air 1993-2001 2002+
Locomotive Basin Weighted Weighted
Aromatic Aromatic
Volume Percent [Volume Percent
Class | Line Haul |SCC 31.0 31.0
MC 31.0 26.6
MD 30.0 29.8
NEP 31.0 27.9
SC 31.0 31.0
SF 28.6 23.1
SJV 29.1 294
SS 31.0 31.0
SV 31.0 274

01/05/07
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Table 23. PM Emission Reduction from Intrastate Locomotives Due to Aromatics
by Air Basin, 1993+

Intrastate Air CARB EPA Nonroad Weighted PM Emission
Locomotive Basin Aromatic  Aromatic  Aromatic Aromatic Reduction
Volume Volume Volume Volume Percent
Percent Percent Percent Percent
Class | sSC 10 31 31 29.0 -0.9%
Local/Switcher
SJV 10 31 31 252 -2.4%
MD 10 31 3 31.0 0.0%
BA 10 31 31 13.9 -7.2%
SD 10 3 31 13.2 -7.5%
SV 10 KY 3 13.2 -7.5%
SCC 10 31 3 13.2 -7.5%
Class ll| SC 10 31 31 31.0 0.0%
Local/Switcher
SJV 10 3 31 18.6 -5.2%
MD 10 31 31 10.0 -8.8%
BA 10 N 31 10.0 -8.8%
sD 10 31 31 10.0 -8.8%
sV 10 31 31 10.0 -8.8%
SCC 10 31 31 10.0 -8.8%
NEP 10 31 31 26.6 -1.9%
MC 10 Y| 31 31.0 0.0%
NC 10 31 31 10.0 -8.8%
NCC 10 31 31 10.0 -8.8%
Industrial/Military |SC 10 3 31 24.0 -3.0%
SJV 10 Ky 31 24.0 -3.0%
MD 10 31 31 24.0 -3.0%
BA 10 31 31 24.0 -3.0%
NEP 10 31 31 24.0 -3.0%
sD 10 31 31 24.0 -3.0%
sSv 10 31 3 24.0 -3.0%
SCC 10 31 31 24.0 -3.0%
Passenger SC 10 31 31 10.8 -8.5%
SJV 10 31 31 10.0 -8.8%
BA 10 3 31 10.0 -8.8%
sSD 10 3 Ky 10.0 -8.8%
SV 10 31 31 10.0 -8.8%
SCC 10 31 31 12.1 -8.0%

Source : Fuel Estimate from http://www.arb.ca.govi/regact/carblohc/earblohc.htm

Sulfur

Currently, the baseline locomotive emissions inventory assumes an average fuel
sulfur content of 2700 ppm. Industry has provided information on the sulfur
content of the fuel that is currently being used by intrastate locomotives.
Together with industry data and prior iocomotive tests, staff believes a fuei
correction factor should be incorporated into the model.
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Table 24 shows the test data collected by the ARB, U.S. EPA, and others, where
locomotive engines were tested on different fuel sulfur levels.

Table 24. Locomotive Engine Test with Different Sulfur Levels

Locomotive Fuel Properties | Percent | Percent | Percent | Percent |Source
Engine Sulfur Content | Change | Change | Change | Change
PM NOX CO HC

EMD 12-645E3B 100/3300ppm -0.29 -0.06 0.17 0.07  |Fritz, 1991

GE DASHS-40C 330/3150ppm -0.43 -0.07 -0.05 -0.18 |Fritz (1995,
EPA/SWRI)

MK 5000C 330/3150ppm -0.71 -0.03 -0.03 -0.07 |Fritz (1995,
EPA/SWRI)

EMD 16-710G3B, | 330/3150ppm -0.38 -0.08 -0.30 -0.01  |Fritz (1995,

SD70MAC EPA/SWRI)

EMD SD70MAC 50/330ppm -0.03 -0.04 0.07 0.01  |Fritz (ARB/AAR,
2000)

EMD SD70MAC 50/4760ppm -0.18 -0.06 0.08 0.03 [Fritz (ARB/AAR,
2000)

EMD SD70MAC 330/4760ppm -0.13 -0.03 0.01 0.01  |Fritz (ARB/AAR,
2000)

GE DASHS-44CW 50/330ppm -0.03 -0.03 -0.01 -0.04 {Fritz (ARB/AAR,
2000)

GE DASH9-44CW | 50/4760ppm -0.39 -0.07 -0.02 0.02 |Fritz (ARB/AAR,
2000)

GE DASH9-44CW | 330/4760ppm -0.38 -0.04 -0.02 0.06 |Fritz (ARB/AAR,
2000)

GE DASHS-44CW | 50/3190ppm 0.27 -0.05 -0.03 0.01  |Fritz (ARB/AAR,
2000)

GE DASH9-44CW | 330/3190ppm -0.25 -0.02 -0.02 0.04 |Fritz (ARB/AAR,
2000)

GE DASH9-44CW | 3190/4760ppm | -0.17 -.02 0.00 0.02 |Fritz (ARB/AAR,
2000)

Average -0.28 -0.05 -0.01 0.00

From the above table, staff concluded that HC and CO emissions are not
affected by different sulfur levels in the fuel. From these tests, staff computed
the changes in PM emissions associated with changes in sulfur level. Staff
corrected the PM emissions to account for the aromatic differences because the
test data were not tested at the same aromatic volume percent. Because the
locomotive engine testing was performed at various fuel sulfur levels (some at
330 ppm vs. 3190 ppm and some at 50 ppm vs. 3190 ppm), staff cannot assume
the average percent change in PM emission is characteristics over the whole
range of sulfur levels. From previous studies that staff has analyzed, itis
possible to generate estimates of the percent change at various sulfur levels and
throttle positions. Locomotive engines have 8 throttle positions plus dynamic
braking and idle. During idle, braking, and throttle positions 1 and 2, there are no
significant differences in emissions attributable to sulfur level. For the GE 4-

01/05/07 20

APP-75



PRELIMINARY DRAFT - DO NOT CITE OR QUOTE

stroke engine, effect of sulfur on PM for throttle positions 3 to 8 can be defined by
using the following equations:

Eguations to correct for PM for GE {4-Stroke) engines

Notch 8 : PM (g/bhp-hr) = 0.00001308 * (sulfur level,ppm) + 0.0967
Notch 7 : PM (g/bhp-hr} = 0.00001102 * (sulfur level,ppm) + 0.0845
Notch 6 : PM (g/bhp-hr} = 0.00000654 * (sulfur level,ppm) + 0.1037
Notch 5 : PM (g/bhp-hr) = 0.00000548 * (sulfur level,ppm) + 0.1320
Notch 4 : PM (g/bhp-hr) = 0.00000663 * (sulfur level,ppm) + 0.1513
Notch 3 : PM (g/bhp-hr) = 0.00000979 * (sulfur level,ppm) + 0.1565

For the EMD 2-stroke engine, throttle positions 3 to 8 can be defined by using the
following equations:

Equations to correct for PM for EMD (2-Stroke) engines

Notch 8 : PM (g/bhp-hr) = 0.0000123 * (sulfur level,ppm) + 0.3563
Notch 7 : PM (g/bhp-hr) = 0.0000096 * (sulfur level,ppm) + 0.2840
Notch 6 : PM (g/bhp-hr) = 0.0000134 * (sulfur level,ppm) + 0.2843
Notch 5 : PM (g/bhp-hr) = 0.0000150 * (sulfur level,ppm) + 0.2572
Notch 4 : PM (g/bhp-hr) = 0.0000125 * (sulfur level,ppm) + 0.2629
Notch 3 : PM (g/bhp-hr) = 0.0000065 * (sulfur level,ppm) + 0.2635

Table 25. Examples of PM Redugtions Due to Changes in Sulfur Level

Sulfur Level (ppm) | PM Reduction | PM Reduction | PM Reduction
From To 2 Stroke 4 Stroke Composite
3100 1900 4.1% 8.4% 5.2%
3100 1300 6.1% 12.6% 7.7%
1300 330 3.5% 7.9% 4.6%
1300 140 4.2% 9.5% 5.5%

140 15 1.8% 4.0% 2.4%

*composite is 75% 2 Stroke Engine and 25% 4 Stroke Engine

Data provided by industry show that when operating in California, the three main
types of diesel fuel used in locomotive engines consists of CARB diesel, EPA
On-Highway diesel fuel, and EPA Off-road or High Sulfur diesel fuel. Four-stroke
engines and two-stroke engines show different characteristics with respect to
sulfur content. From the BAH report, 4-stroke engines make up about 25%, and
2-stroke engines make up about 75% of the locomotive engine fleet. Combining
industry data, 4-stroke/2-stroke engine percent change and fleet makeup, Table
26 shows the percent change in PM emissions by year for the line-haul segment
of the fleet.
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Table 26. PM Emission Percent Change of Line-Haul Due to Sulfur, Statewide

Calendar | CARB EPA EPA | Weighted (4-Stroke| 2-Stroke | Weighted
Year Sulfur On- Off-road Fuel |Engines| Engines PM
Content| Highway | Sulfur Sulfur PM PM Emission
Sulfur | Content | Content | Percent| Percent | Percent
Content Change | Change | Change
1992 3100 3100 3100 3100 0.03 0.01 0.015
1993 500 330 3100 2919 0.02 0.01 0.009
1994 150 330 3100 2740 0.01 0.00 0.003
1995 140 330 3100 2557 -0.01 0.00 -0.006
1996 140 330 3100 2377 -0.02 -0.01 -0.014
1997 140 330 3100 2196 -0.04 -0.02 -0.022
1998-2001 140 330 3100 1899 -0.06 -0.03 -0.035
2002-2006 | 140 330 3100 1312 -0.10 -0.05 -0.061
2007+ 15 15 330 129 -0.19 -0.09 -0.113

Table 27 and Table 28 provide further details of weighted fuel sulfur level by air
basin. Weighted sulfur levels vary significantly from one air basin to another.

Table 27. Class | Line Haul Weighted Fuel Sulfur by Air Basin

Interstate Air 1998 2002-2006 2007+
Locomotive Basin Weighted | Weighted | Weighted
Sulfur Sulfur Sulfur
ppm PpmM ppm
Class | Line Haul [SCC 1023 467 31
MC 2333 1149 113
MD 2352 1767 180
NEP 2560 1632 166
SC 1985 1472 145
SF 1711 899 88
SJV 1600 868 78
SS 2425 1328 129
SV 2473 1456 147
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Table 28. Intrastate Locomotives Weighted Fuel Sulfur by Air Basin

Intrastate Locomotive Air 1993 1994-2006 2007+
Basin | Weighted | Weighted | Weighted
Sulfur Sulfur Sulfur
ppm ppm PPM
Class | Local/Switcher |SC 346 312 15
SJv 377 278 15
MD 330 330 15
BA 468 175 15
SD 475 169 15
Y 475 169 15
SCC 475 169 15
Class Ill Local/Switcher [SC 388 388 21
SJV 1016 804 80
MD 500 140 15
BA 500 140 15
SD 500 140 15
sV 500 140 15
SCC 500 140 15
NEP 2628 2553 264
MC 1573 1573 152
NC 500 140 15
NCC 500 140 15
Industrial/Military SC 1340 1220 120
SJv 1340 1220 120
MD 1340 1220 120
BA 1340 1220 120
NEP 1340 1220 120
sSD 1340 1220 120
sV 1340 1220 120
SCC 1340 1220 120
Passenger SC 493 147 15
SJV 500 140 15
BA 500 140 15
SD 500 140 15
SV 500 140 15
SCC 483 159 15

Appendix B,C, and D contains the fuel correction factors for PM, NOx, and SOx
emissions by air basin.
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Revised Locomotive Emission Inventory

Tables 29-31 shows the revised locomotive emission inventory for calendar
years 2000,2010 and 2020.

Table 29. 2000 Statewide Locomotive Emission Inventory, tons/day

TYPE HC CO NOXx PM SOx
Intermodal/Line-Haul 5.61 18.21 | 113.03 | 2.68 6.22
Local/Short-Run 1.01 3.33 22.58 0.41 0.22
Mixed/Bulk 2.13 6.85 48.95 1.09 2.20
Passenger/Amtrak 0.53 1.01 12.21 0.29 0.05
Yard/Switcher 0.55 1.46 10.43 0.20 0.09
Total 9.83 30.86 | 207.20 | 4.67 8.78

Table 30. 2010 Statewide Locomotive Emission Inventory, tons/day

TYPE HC CO NOx PM SOx
Intermodal/Line-Haul 5.56 2190 | 71.35 240 0.60
Local/Short-Run 0.77 2.99 12.03 0.30 0.01
Mixed/Bulk 2.11 8.24 29.46 0.99 0.19
Passenger/Amtrak 0.58 1.14 12.29 0.31 0.02
Yard/Switcher 0.47 1.29 6.78 0.17 0.01
Total 9.49 3556 | 131.91 | 417 0.83

Table 31. 2020 Statewide Locomotive Emission Inventory, tons/day

TYPE HC CO NOXx PM SOx
Intermodal/Line-Haul 5.60 2584 | 74.33 2.38 0.71
Local/Short-Run 0.67 2.99 11.17 0.26 0.01
Mixed/Bulk 2.13 9.72 31.14 0.98 0.23
Passenger/Amtrak 0.56 1.14 11.72 0.30 0.02
Yard/Switcher 0.44 1.29 6.22 0.16 0.01
Total 9.40 4098 | 134.58 | 4.08 0.98
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Appendix A

Methodology to Calculate Locomotive Inventory

Methodology

The methodology and assumptions used for estimating locomotive emissions
consists of several steps taken from the Booz-Allen Hamilton's Locomotive
Emission Study report (http://www.arb.ca.gov/app/library/libcc.php). First,
emission factor data from various engine manufacturers such as EMD and
General Electric (GE) must be gathered to calculate average emission factors for
locomotives operated by the railroad companies. Second, train operations data,
including throttle position profiles and time spent on various types of operations
from different railroad companies needs io be estimated. Finally, the locomotive
emission inventory can be calculated using train operations data, emission
factors, and throttle position profiles.

Step 1 — Average Emission Factors

Engine emission factors are required for the different locomotive engines
manufactured by the major locomotive suppliers EMD or GE. Emission factors
are obtained from testing done by either the engine manufacturers or by
Southwest Research Institute, a consulting company that has performed many
tests on locomotive engines. Table A-1 lists the available emission factors.
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Table A-1. Available Emission Factors for Different Locomotive Engines

Engine Engine Model Locomotive Model

Manufacturer

EMD 12-567BC SW10

EMD 12-645E SW1500,MP15,GP15-1

EMD 16-567C GP9

EMD 16-645E GP38,GP38-2, GP28

EMD 12-645E3B GP39-2

EMD 12-645E3 GP39-2, SD39

EMD 16-645E3 GP40, SD40, F40PH

EMD 16-645E3B GP40-2, SD40-2, SDF40-2, F40PH

EMD 16-645F3 GP40X, GP50, SD45

EMD 16-645F3B SD50

EMD 20-645E3 SD45,SD45-2, F45, FP45

EMD 16-710G3 GP60, SD60, SD60M

GE 127FDL2500 B23-7

GE 127FDL3000 SF30B

GE 167FDL3000 C30-7, SF30C

GE 167FDL4000 B40-8

Source: BAH report, 1992

Next, the locomotive roster from the largest railroad companies operating in the
state were obtained. Table A-2 lists the locomotive roster for railroad companies
in 1987.

Table A-2. Locomotive Roster 1987

Type of Service
Railroad Engine Engine Model Horspower | Units | Line Haul Local |Yard/Switcher
Company Manufacturer Rating
ATSF EMD 16-5678BC 1500 211 X
ATSF EMD 16-567C 1750 53 X
ATSF EMD 16-567D2 2000 71 X X
ATSF EMD 16-645E 2000 69 X X
ATSF EMD 12-645E3 2300 62 X
ATSF EMD 12-645E3B 2300 60 X
ATSF EMD 16-645E3 2500 231 X X
ATSF EMD 16-645E3 3000 18 X X
ATSF EMD 16-645E3B 3000 203 X X
ATSF EMD 16-645F3 3500 52 X
ATSF EMD 16-645F3B 3600 15 X
ATSF EMD 20-645E3 3600 243 X
ATSF EMD 16-710G3 3800 20 X
ATSF GE GE-12 2350 60 X
ATSF GE GE-12 3000 10 X X
ATSF GE GE-16 3000 226 X X
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ATSF GE GE-16 3600 43 X

ATSF GE GE-16 3900 3 X

ATSF GE GE-16 4000 20 X

Union Pacific EMD 16-645BC 1200 56 X
Union Pacific EMD 12-567A 1200 12 X
Union Pacific EMD 12-645E 1500 281 X
Union Pacific EMD 16-567CE 1500 35 X
Union Pacific EMD 16-645E 2000 365 X X
Union Pacific EMD 12-645E3C 2300 24 X

Union Pacific EMD 16-567D3A 2500 16 X

Union Pacific EMD 16-645E3 3000 828 X X

Union Pacific EMD 16-645E3B 3000 446 X X

Union Pacific EMD 16-645F3 3500 36 X

Union Pacific EMD 16-645F3B 3600 60 X

Union Pacific EMD 16-710G3 3800 227 X

Union Pacific GE GE-12 2300 106 X

Union Pacific GE GE-12 3000 57 X X

Union Pacific GE GE-16 3000 156 X X

Union Pacific GE GE-16 3750 60 X

Union Pacific GE GE-16 3800 256 X

Southern Pacific EMD 12-567C 1200 ™" X
Southern Pacific EMD 12-645E 1500 286 X
Southern Pacific EMD 16-567BC 1500 37 X
Southern Pacific EMD 16-567C 1750 326 X

Southern Pacific EMD 16-567D2 2000 145 X

Southern Pacific EMD 16-645E 2000 84 X

Southern Pacific EMD 12-645E3 2300 12 X

Southern Pacific EMD 16-645E3 2500 137 X X

Southern Pacific EMD 16-645E3 3000 92 X

Southern Pacific EMD 16-645E38 3000 353 X

Southern Pacific EMD 16-645F3 3500 4 X

Scouthern Pacific EMD 20-645E3 3600 425 X

Southern Pacific EMD 16-710G3 3800 65 X

Southem Pacific GE GE-12 2300 15 X

Southern Pacific GE GE-12 3000 107 X

Southern Pacific GE GE-16 3600 20 X

Southern Pacific GE GE-16 3900 92 X

Source : BAH report, 1992

Using the available emission factors and the locomotive rosters, the average
emission factors for each class of service can be calculated. Emission factors for
models that were not available were assigned an emission factor based on
horsepower rating and the number of cylinders from similar engine models.

Step Z — Throtitie Position Profiies and Train Operations Daia

The railroad companies provided throttle position profiles. Locomotive engines
operate at eight different constant loads and speeds called throttle notches. In
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addition, several other settings (idie and dynamic brake) are also common. For
line haul and local operations, profiles were gbtained from Train Performance
Calculation {TPC) data and actual event recorder data, which are summarized in
the BAH report.

For line haul operations, the data was modified fo account for additional idle time
between dispatch. Data supplied by Atchison, Topeka and Santa Fe (ATSF)
indicates that the turnaround time for line haul locomotives in yards is
approximately eight hours.

For local operations, several assumptions were used to develop throttle profiles.
First, ten hours was used as an average hours per assignment. Second, the
additional average idle time per day per locomotive was assumed to be ten
hours.

The switch engine duty cycle is based upon actual tape data supplied by the
ATSF railroad company on a switch engine that operated over a 2-day period.
Yard engines are assumed to operate 350 days per year, with 2 weeks off for
inspections and maintenance.

Train operations data provided by the railroad companies included :

Line Haul Local Yard/Switcher
Train type Average trailing tons [ Number of units assigned
Number of runs per year | Number of runs per year | Number of assignments
Average horsepower Average horsepower Average horsepower
Average units Average units
Origin/destination Origin/destination
Link miles

Step 3 — Calculate Locomotive Emission inventory

Emission inventories are calculated on a train-by-train basis using train
operations data, average emission factor, and throttle position profiles.

Emission Inventory = Emission factor x average horsepower x time in notch per
train x number of runs per year
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APPENDIX B

EMISSION FACTOR DERIVATION AND
EMFAC-WD 2006 OUTPUT FOR HHD DIESEL-FUELED TRUCKS
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Calculation of Fleet Average Emission Factors - Running Exhaust

Stockton Rail Yard, Stockton, CA

San Joaquin County, CY 2005 Annual Average Model Yr
Model HHDD Emission Factors {g/mi) Distribution
Year ROG CO NOx DPM S0x (vehicles)
5.02 12.31 2948 1.78 0.32 2
4.69 11.49 29.03 1.66 0.30 1
4.30 10.58 28.61 1.28 0.23 1
3.87 9.63 28.43 1.55 0.22 1
0.81 1.30 14.74 (.49 0.32 3
Fleet Avg. 3.17 7.53 23.66 1.19 0.30 8
Notes:

1. Model year distribution provided by Marv Hoagland of UPRR.
2. Running exhaust emission factors calculated from EMFAC-WD 2006 with the BURDEN

output option.

3. Emission factor calculations assumed an average speed of 15 mph.
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Calculation of Fleet Average Emission Factors - Idling Exhaust
Stockton Rail Yard, Stockton, CA

San Joaquin County, CY 2005 Annual Average Model Yr
Model HHDD Emission Factors {g/hr) Distribution
Year ROG CO NOCx PM10 SOx (vehicles)
12.56 52.23 109.49 1.99 0.58 2
9.43 46.94 118.24 1.38 0.58 1
943 46.94 118.24 1.38 0.58 |
9.43 46.94 118.24 1.38 0.58 1
7.74 43.69 122.65 1.07 0.58 3
Fleet Avg. 9.58 47.04 117.70 1.41 0.58 8
Notes:

1. Model year distribution provided by Marv Hoagland of UPRR.
2. Idling exhaust emission factors calculated from the EMFAC-WD 2006 model with the EMFAC

output option.
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Title : San Joaguin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDI¢

Run Date : 2006/08/23 08:37:39

Scen Year: 2005 -- Model year 1997 selected

Season : Annual

Area : San Joaquin County

I/M Stat : Enhanced Interim {2005)
Emissions: Tons Per Day
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HHDT-DSL

Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

|dle Exh

Stant Ex

Total Ex

Diurnal
Hot Scak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

Idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions (000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

S0x

Fuel Consumption (000 gallons)
Gasoline

Diesel

338
56
171

0.31
0.01
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Title : San Joagquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+iMDIg +FCF2+Po
Run Date : 2006/10/27 14:39:20

Scen Year: 2005 -- Model year 1997 selected

Season : Annual

Area : San Joaquin

Year: 2005 -- Model Years 1997 to 1997 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDlg

County Average San Joaquin
Table 1: Running Exhaust Emissions {(grams/mile; gramsfidle-hour)
Paollutant Name; Reactive Org Gases Temperature: 65F Relative Humidity: §0%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 12.562  12.329
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 9 52.228 51.263
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
o 0 o 109.488 107.485
Pollutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0.572
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 1.988 1.951
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0 0
Pgliutant Name: PM10 - Break Wear Temnerature: 85F Relative Humidity: 80%

Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL

0 0 0 0 0
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Title : San Joaguin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDle
Run Date : 2006/08/23 08:37:52

Scen Year: 2005 ~ Model year 1998 selected

Season : Annual

Area : San Joaquin County

I'M Stat : Enhanced Interim (2005)

Emissions: Tons Per Day
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HHDT-DSL
Vehicles 333
VMT/1000 60
Trips 1684
Reactive Organic Gas Emissions
Run Exh 0.31
Idle Exh 0.01
Start Ex 0
Total Ex 0.31
Diurnal 0
Hot Soak 0
Running 0
Resting 0
Total 0.31
Carbon Monoxide Emissions
Run Exh 0.76
Idle Exh 0.03
Start Ex 0
Total Ex 0.79
Cxides of Nitrogen Emissions
Run Exh 1.92
Idle Exh 0.07
Start Ex 0
Total Ex 2
Carbon Dioxide Emissions (000)
Run Exh 0.19
Idle Exh 0
Start Ex 0]
Total Ex 0.19
PM10 Emissions
Run Exh 0.1
Idle Exh
Start Ex 0
Total Ex 0.1
TireWear 0
BrakeWr 0
Total 0.12
Lead 0
S0x 0.02
Fuel Consumption {000 gallons)
Gasoline 0
Diesel 174

APP-92



Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Varsion | Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Po
Run Date : 2006/10/30 09:16:13

Scen Year: 2005 -- Model year 1998 selected

Season : Annual

Area : San Joaguin

Year: 2005 - Model Years 1988 to 1988 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg

County Average San Joaquin
Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour)
Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 9.426 9.274
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 46.943 46.185
Pollutant Name: Oxides of Nitrogen Temperature: 65F Reiative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 118.235 116.326
Pollutant Name: Sulfur Dioxide Temperature: B5F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DsL ALL
0 0 0 0.583 0.573
Pallutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
o 0 0 1.375 1.353
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 v} 0 0
Foiiutant Name: PM10 - Bigar Wear Temperatuie: 855 Relative Humidity: 80%

Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL

0 0 0 0 Q
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2,23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIy

Run Date : 2006/08/23 08:38:04

Scen Year: 2005 -- Model year 1999 selected

Season : Annual
Area : San Joaquin County

1M Stat : Enhanced Interim (2005)

Emissions: Tons Per Day
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Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

Idle Exh

Start Ex

Total Ex

Diurnal
Hot Scak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions {000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

S0x

Fuel Consumption (000 gallons)
Gasoline

Diesel

HHDT-DSL

402
78
2032

0.37
0.01
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2,23.7.806816 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+MDlg +FCF2+Po
Run Date ; 2006/10/27 14:40:16

Scen Year: 2005 -- Model year 1899 selected

Season : Annual

Area : San Joaquin

Year: 2005 -- Model Years 1899 to 1999 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDlg

County Average San Joaquin
Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour)
Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 9.426 9.362
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 46.943 46.623
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 118.235  117.43
Pellutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0.579
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 1.375 1.366
Poliutant Name: PM1Q - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 G 0 0
Poilutaiit Nains: PM10 - Break Wear Temperaturs: S5F Relative Humidity: 0%

Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL

0 g 0 0 0
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+#
Run Date : 2006/08/23 08:38:27

Scen Year: 2005 -- Model year 2000 selected

Season : Annual

Area : San Joaquin County

I/M Stat : Enhanced Interim (20035)

Emissions:; Tons Per Day

B e e e e L et e e P Lt st t et e i)

HHDT-DSL
Vehicles 399
VMT/1000 82
Trips 2019
Reactive Organic Gas Emissions
Run Exh 0.35
Idle Exh 0.01
Start Ex 0
Total Ex 0.36
Diurnal 0
Hot Soak 0
Running 0
Resting 0]
Total 0.36
Carbon Monoxide Emissions
Run Exh 0.87
Idle Exh 0.03
Start Ex 0
Total Ex 0.9
Oxides of Nitrogen Emissions
Run Exh 2.57
Idle Exh 0.09
Start Ex 0
Total Ex 2.65
Carbon Dioxide Emissions (000)
Run Exh 0.26
Idle Exh 0
Start Ex 0
Total Ex 0.26
PM10 Emissions
Run Exh 0.14
Idle Exh
Start Ex 0
Total Ex 0.14
TireWear 0
BrakeWr 0
Total 0.14
Lead 0
S0Ox 0.02
Fuel Consumption (000 gallons)
Gasoline 0
Diesel 23.84

APP-86



Title : San Joaguin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+iMDIg +FCF2+Po
Run Date : 2006/10/27 14:40:50

Scen Year: 2005 -- Mode! year 2000 selected

Season : Annual
Area : San Joagquin

Year: 2005 -- Model Years 2000 to 2000 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg

County Average San Joaquin
Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour)
Pollutant Name: Reactive Crg Gases Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 9.426 9.231
Pellutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT BsL ALL
o 0 0 46.943 45.974
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 8 v} 118.235 115793
Poliutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0.571
Poliutant Name: PM10 Temperature: 65F Reiative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
Q 0 0 1.375 1.347
Pallutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DsL ALL
0 0 0 0 0
Pollutant Mame: PM10 - Break Wear Temperature: G5F Relative Humidity: 60%

Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL

0 0 0 0 0
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+A(

Run Date : 2006/08/23 08:38:34

Scen Year: 2005 -- Model year 2005 selected

Season :Annual

Area : San Joaguin County

I/M Stat : Enhanced Interim (2005)
Emissions: Tons Per Day
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HHDT-DSL

Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

Idle Exh

Start Ex

Total Ex

Diurnal
Hot Soak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

Idle Exh

Start Ex

Total Ex
Cxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions (000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

S0x

Fuel Consumption {000 gallons)
Gasoline

Diesel

264
56
1335

0.91

0.06

0.97

0.18

0.18

0.03

0.03

0.03

0.02

16.18
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Pg
Run Date : 2006/10/25 10:23:33

Scen Year: 2005 -- Model year 2005 selecied

Season : Annual

Area : SanJoaquin

Year: 2005 - Model Years 2005 to 2005 Inclusive —
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDig

County Average San Joaguin

Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour)

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 0%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 7.744 7.665
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 43.689 43.247
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 122647 121.404
Pollutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0577
Pollutant Name: PM10 Temperature; 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 Y 1.066 1.056
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
Q 0 0 0 0
Pollutant Name: PM10 - Break Wear Temperature: 85F Ralative Humidity: 80%

Speed HHD HHD HHD HHD
MPH NCAT CAT DsL ALL

0 Y Q 0 0
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APPENDIX C

EMISSION FACTOR DERIVATION AND EMFAC-WD 2006
OUTPUT FOR ON-ROAD DIESEL-FUELED TRUCKS
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Emission Factors for On-Road Diesel-Fueled Trucks
Stockton Rail Yard, Stockton, CA

Running Exhaust Emissions

Equipment Model | Vehicle Emission Factors (g/mi)
Type Model | Year Class | ROG CO NOx | DPM SOx

Dump Truck HHD 9.07 2994 | 28.12 4.54 0.00
Sweeper Truck HHD 8.72 29.31 | 28.61 4.19 0.35
Pickup Truck MHD 0.00 9.07 18.14 1.81 0.00
Boom Truck MHD 1.51 7.56 18.14 1.51 0.00

Boom Truck MHD 0.70 4,88 12.56 0.70 0.00

Beom Truck MHD 0.70 4,88 12.56 0.70 0.00

Pickup Truck LHD 0.30 1.51 5.44 0.00 0.00

Pickup Truck LHD 0.30 1.51 5.44 0.00 .00

Boom Truck HHD 0.81 1.30 14.74 0.49 0.32

Pickup Truck LHD 0.30 1.51 5.44 0.00 0.00
Total

Idling Exhaust Emissions

Equipment Model | Vehicle Emission Factors (g/hr)
Type Class ROG CO NOx DPM SOx
Dump Truck HHD | 33.61 | 74.81 | 58.65 7.10 0.538
Sweeper Truck HHD 19.68 | 61.68 | 84.93 3.54 0.58
Pickup Truck MHD 3.17 26.30 | 75.05 1.40 0.37
Boom Truck MHD 3.17 2630 | 75.05 1.40 0.37

MHD 317 2630 | 75.05 0.75 0.37
MHD 3.17 26.30 | 75.05 0.75 0.37

Boom Truck
Boom Truck

Pickup Truck LHD 3.17 2630 | 75.05 0.75 0.37
Pickup Truck LHD 3.17 26.30 | 75.05 0.75 .37
Boom Truck HHD 774 43,69 | 122.65 1.07 0.58
Pickup Truck LHD 3.17 2630 | 75.05 0.75 0.37
Total
Notes:

1. Running exhaust emissions calculated using the EMFAC-WD 2006 model with the BURDEN output option.
2. Running exhaust emission factor calculations assumed an average speed of 15 mph.
3. Idling exhaust emissions factors calculated using the EMFAC-WD 2006 model with the EMFAC output option.
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+#
Run Date : 2006/08/23 09:12:16

Scen Year: 2005 -- Model year 19285 selected

Season : Annual

Area :San Joaguin County

I/M Stat : Enhanced Interim (2005)

Emissions: Tons Per Day
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HHDT-DSL
Vehicles 163
VMT/1000 10
Trips 826
Reactive Organic Gas Emissions
Run Exh 0.1
|dle Exh 0.01
Start Ex 0
Total Ex 0.1
Diurnal 0
Hot Soak 0
Running 0
Resting 0
Total 0.11
Carbon Monoxide Emissions
Run Exh 0.33
Idle Exh 0.02
Start Ex 0
Total Ex 0.35
Oxides of Nitrogen Emissions
Run Exh 0.31
|dle Exh 0.02
Start Ex 0
Total Ex 0.33
Carbon Dioxide Emissions (000)
Run Exh 0.03
Idle Exh 0
Start Ex 0
Total Ex 0.03
PM10 Emissions
Run Exh 0.05
Idle Exh 0
Start Ex 0
Total Ex 0.05
TireWear 0
BrakeWr 0
Total 0.05
Lead 0
SOx 0
Fuel Consumption {000 gallons)
Gasoline 0
Diesel 2.95
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Title : San Joaquin County Subarea Annuai CYr 2005 Default Title

version : Emfac working draft vV2.23.7.60616 Sp: 2.20.8+FCFHM+Bugs+BER+Accr+IMDIg +FCF2+Po
Run Date : 2006/10/27 14:38:03

Scen Year: 2005 -- Model year 1985 selected

Seascn : Annual

Area : San Joaquin

Year: 2005 -- Model Years 1985 to 1885 Inclusive -
Emfac warking draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDig

County Average San Joaquin

Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour)

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 o} 33611 33.22
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 o 74.81 7394
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Hurmidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
v} 0 0 58.647 57.965
Pellutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DsL ALL
0 0 0 0.583 0.576
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 7.009 7.018
Pollutant Name: PM1Q - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0 0
Foliutant Name: PM10 - Break Wear Temperaturs: 557 Ralative Humidity: §0%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
G 0 0 0 0
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Title : San Joaguin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER

Run Date : 2008/08/23 09:12:24

Scen Year: 2005 -- Model year 1990 selected

Season : Annual

Area :San Joaquin County

I/M Stat : Enhanced Interim (2005)
Emissions: Tons Per Day
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HHDT-DSL

Vehicles

VMT/1000

Trips

Reactive Qrganic Gas Emissions
Run Exh

Idie Exh

Start Ex

Total Ex

Diurnal
Hot Soak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

Idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carben Dioxide Emissions {000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

SOx

Fuel Consurmption (000 gallons)
Gasoline

Diesel

296
26
1496

0.25
0.01
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIlg +FCF2+Po

Run Date : 2006/10/27 14.38:49

Scen Year: 2005 -- Model year 1990 selected
Season : Annual

Area : San Joaguin

Year: 2005 -- Model Years 1990 to 1980 Inclusive —
Emfac working draft Emission Factors; V2.23.7.60616 Sp: 2,20.8+FCF+IM+Bugs+BER+Accr+IMDig

County Average San Joaguin

Table 1: Running Exhaust Emissions {(grams/mile; grams/idle-hour)

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT 0sL ALL
0 0 0 19.683 19.429
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 0 61.676 60.881
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 84.929 83.833
Pollutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0.575
Pallutant Name: PM10 Temperature: 65F
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 Q 3.54 3.495
Pollutant Name: PM1Q - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 Q 0 G G
Pollutant Name: PM10 - Break Wear Temperature: 5F Relative Humidity: 0%

Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL

0 0 0 0 o}
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDI

Run Date : 2006/08/23 09:12:34

Scen Year: 2005 -- Model year 1992 selected

Season : Annual

Area : San Joaquin County

I/M Stat : Enhanced Interim (2005)
Emissions: Tons Per Day

AR RN R AT RN RN Ak A AR kRN AR R Rk d ki ko bk bbbk ke kb ki kA kWA AR A AR h

Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

Idle Exh

Start Ex

Total Ex

Diurnal
Hot Soak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions (000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

S0Ox

Fuel Consumption {C00 gallons)
Gasoline

Diesel

MHDT-DSL
117
5
3282
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Poj
Run Date : 2006/10/25 07:48:17

Scen Year: 2005 -- Model year 1992 selecled
Season : Annual

Area : San Joaquin

Year 2005 -- Model Years 1992 to 1992 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDlg

County Average San Joaquin

Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour}

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 23.103 3173 7.868
Pollutant Name: Carbon Monoxide Temperalure: 85F Relative Humidity: 60%

Speed MHD MHD MHD MHD

MPH NCAT CAT DSL ALL
0 0 141.992 26.3 53.556
Poilutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 1.581 75.051 57.737
Pollutant Name: Sulfur Dioxide Temperature; 65F Retative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0.049 0.365 0.291
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0 1.395 1.066
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 ) 0 0
Pollutant Name: PM10 - Break Wear Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0 0 0
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMi

Run Date : 2006/08/23 09:12:40

Scen Year: 2005 -- Model year 1993 selected

Season : Annual

Area :San Joaguin County

1/M Stat : Enhanced Interim (2005)
Emissions: Tons Per Day
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MHDT-DSL

Vehicles

VMT/1000

Trips

Reactive Qrganic Gas Emissicns
Run Exh

Idle Exh

Start Ex

Total Ex

Diurnal
Hot Soak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

Idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions (000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
ldle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

SOx

Fuel Consumption (000 gallons}
Gasoline

Diesel

130
6
3646
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60618 Sp: 2.20.B+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Poj

Run Date ; 2006/10/25 07:48:23

Scen Year: 2005 -- Model year 1993 selected
Season : Annual

Area : San Joaquin

Year: 2005 - Model Years

County Average

Table 1: Running Exhaust Emissions (grams/mile; gramsf/idle-hour)

Pollutant Name: Reactive Org Gases

Speed MHD MHD MHD
MPH NCAT CAT BSsL

0 0 23.103 3.173

Pollutant Name: Carbon Monoxide

Speed MHD MHD MHD
MPH NCAT CAT DSL

0 0 141.992 26.3

Pollutant Name; Oxides of Nitrogen

Speed MHD MHD MHD
MPH NCAT CAT DSL

0 0 1.561 75.051

Pollutant Name: Sulfur Dioxide

Speed MHD MHD MHD
MPH NCAT CAT DSL

0 0 0.049 0.365

Pollutant Name: PM10

Speed MHD MHD MHD
MPH NCAT CAT DSL

9 0 0 1.395

Pollutant Name: PM10 - Tire Wear

Speed MHD MHD MHD

MPH NCAT CAT DSL
0 0 0 0
Pollutant Name: PM10 - Break Wear
Speed MHD MHD MHD
MPH NCAT CAT DSL
0 0 0 Q

Temperature;

MHD
ALL

6.002

Temperature:

MHD
ALL

42.722

Temperature:

MHD
ALL

64.619

Temperature:

MHD
ALL

0.32

Temperature:

MHD
ALL

1.197

Temperature:

MHD
ALL

0

Temperature:

MHD
ALL

0

1993 to

San Joaquin

G65F

65F

65F

65F

65F

B5F

65F

Relative Humidity: 60%

Relative Humidity: 80%

Relative Humidity: 60%

Relative Humidity: 0%

Relative Humidity: 60%

Relative Humidity: 60%

1993 Inclusive -
Emfac working draft Emission Faclors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+iM+Bugs+BER+Ac

Run Date : 2006/08/23 09:12:49

Scen Year: 2005 -- Model year 1998 selected

Season : Annual

Area : San Joaquin County

I’M Stat ; Enhanced Interim (2005)
Emissions: Tons Per Day
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MHDT-TOT

Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

Idie Exh

Start Ex

Total Ex

Diurnal
Hot Soak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions {000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

Lead

S0x

Fuet Consumpticn (000 gallons)
Gasoline

Diesel

213
13
6255

0.01

0
0

0.01

0.07
0.02
008
0.18

0.19
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Tille : San Joagquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft v2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Poy

Run Date : 2006/10/25 07:48:28

Scen Year; 2005 -- Model year 1998 selected

Season : Annual

Area @ San Joaquin

Year: 2006 -- Model Years 1998 to 1998 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg

County Average San Joaquin

Table 1: Running Exhaust Emissions (grams/mile; gramsfidie-hour}

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DsL ALL
0 0 23.103 3.173 4.369
A
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DsSL ALL
0 Q 141.992 263 33.24
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSt ALL
0 0 1.561 75.051 70.642
Pollutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0.049 0.365 0.346
Pollvtant Name: PM10 Temperature: 65F Relative Humidily: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0 0.753 0.708
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 80%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSL ALL
0 0 0 0 0
Pollutant Name: PM10 - Break Wear Temperature: 65F Relative Humidity: 60%
Speed MHD MHD MHD MHD
MPH NCAT CAT DSt ALL
0 0 0 0 0
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Title : San Joaquin County Subarea Annual CYr 2005 Defautlt Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+.
Run Date : 2006/08/23 09:12:59

Scen Year: 2005 -- Model year 2005 selected

Season : Annual

Area : San Joaquin County

/M Stat : Enhanced Interim (2005)

Emissions: Tons Per Day

HARTANKEAEERTRT AR TEA AR A I AR OARTRT Rk bk kAR AR AR AN EHNEANKARE AR R RN AT IR E R R AR ARk T ARt

LHDT1-DSL
Vehicles 566
VMT/1000 30
Trips 7120
Reactive Organic Gas Emissicns
Run Exh 0.01
Idle Exh 0
Start Ex 0
Total Ex 0.01
Diurnal 0
Hot Soak 0
Running 0
Resting 0
Total 0.01
Carben Monoxide Emissions
Run Exh 0.05
idle Exh 0
Start Ex 0
Total Ex 0.05
Oxides of Nitrogen Emissions
Run Exh 0.18
Idle Exh
Start Ex 0
Total Ex 0.18
Carbon Dioxide Emissions (000)
Run Exh 0.02
Idle Exh 0
Start Ex 0
Total Ex 0.02
PM10 Emissions
Run Exh 0
Idle Exh 0
Start Ex ¢
Total Ex 0
TireWear 0
BrakeWr 0
Total 0
Lead 0
S0x 0
Fuel Consumption (000 gallons)
Gasoline 0
Diesel 1.53
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Title : San Joaquin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft ¥2.23.7.60816 Sp: 2.20.8+FCF+HM+Bugs+BER+Accr+IMDIg +FCF2+Po
Run Date : 2006/10/25 07:48:11

Scen Year: 2005 -- Model year 2005 selected

Season ! Annual

Area : SanJoaguin

Year: 2005 -- Madel Years 2005 to 2005 Inclusive -
Emfac working draft Emission Factors: V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg

County Average San Joaguin

Table 1: Running Exhaust Emissicns (grams/mile; gramsfidle-hour)

Pollutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed LHD1 LHD1 LHDA1 LHD1
MPH NCAT CAT DSL ALL
0 0 27.137 3173 12.979
Pollutant Name: Carbon Monoxide Temperature: 65F Relative Humidity: 60%

Speed LHD1 LHDA LHD1 LHD

MPH NCAT CAT DsL ALL
0 0 155,23 26.3 79.058
Poliutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed LHD1 LHD1 LHD1 LHD1
MPH NCAT CAT DSL ALL
0 0 1.79 75.051 45072
Pollutant Name: Sulfur Dioxide Temperature: 65F Relative Humidity: 60%
Speed LHD1 LHDA LHD1 LHD1
MPH NCAT CAT DSL ALL
0 0 0.049 0.365 0.236
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed LHD1 LHDA LHD1 LHD1
MPH NCAT CAT DSL ALL
0 0 0 0.753 0.445
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed LHD1 LHD1 LHDM LHD1
MPH NCAT CAT DSL AlLL
0 0 0 0 0
Pollutant Name: PM10Q - Break Wear Temperature; 65F Relative Humidity: 60%

Speed LHD1 LHDA1 LHD1 LHD1
MPH NCAT CAT DsL ALL

0 0 0 0 0
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Title : San Joaguin County Subarea Annual CYr 2005 Default Title
Version : Emfac working draft vV2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+A«

Run Date : 2006/08/23 08:38:34

Scen Year: 2005 - Model year 2005 selected

Seascon : Annual

Area :San Joaguin County

I'M Stat : Enhanced Interim (2005)
Emissions: Tons Per Day
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HHDT-DSL

Vehicles

VMT/1000

Trips

Reactive Organic Gas Emissions
Run Exh

Idle Exh

Start Ex

Total Ex

Diurnal
Hot Scak
Running
Resting

Total

Carbon Monoxide Emissions
Run Exh

Idle Exh

Start Ex

Total Ex
Oxides of Nitrogen Emissions
Run Exh
Idle Exh
Start Ex

Total Ex
Carbon Dioxide Emissions (000)
Run Exh
Idle Exh
Start Ex

Total Ex
PM10 Emissions
Run Exh
Idle Exh
Start Ex

Total Ex

TireWear
BrakeWr

Total

tead

SOx

Fuel Consumption {000 gallons)
Gasoline

Diesel

264
56
1335

cC o oo

0.06

0.08
0.02

0.1

0.9
0.06

0.97
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Title : San Joaguin County Subarea Annual CYr 2005 Default Title

Version : Emfac working draft V2.23.7.60616 Sp: 2.20.8+FCF+IM+Bugs+BER+Accr+IMDIg +FCF2+Po
Run Date : 2006/10/25 10:23:33

Scen Year: 2005 -- Model year 2005 selected

Season : Annual

Area : San.Joaquin

Year: 2005 -- Model Years 2005 to 2005 Inclusive -
Emfac working draft Emission Faclors: V2.23.7.60646 Sp: 2.20.8+FCF +IM+Bugs+BER+Accr+IMDIg

County Average San Joaquin

Table 1: Running Exhaust Emissions (grams/mile; grams/idle-hour}

Paoliutant Name: Reactive Org Gases Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
] 1] 0 7.744 7.665
Pollutant Name; Carbon Menoxide Temperature: 65F Relative Humidity: 60%

Speed HHD HHD HHD HHD

MPH NCAT CAT DSL ALL
0 0 ] 43689  43.247
Pollutant Name: Oxides of Nitrogen Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 122847 121404
Pollutant Name: Sulfur Dioxide Temperature: B5F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0.583 0.577
Pollutant Name: PM10 Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DsL ALL
0 0 0 1.066 1.056
Pollutant Name: PM10 - Tire Wear Temperature: 65F Relative Humidity: 60%
Speed HHD HHD HHD HHD
MPH NCAT CAT DSL ALL
0 0 0 0 0
Poliutant Name: PM1Q - Break Wear Temperature: 65F Rslative Humidity: 80%
Speed HHD HHD HHD HHD
MPH NCAT CAT DsSL ALL
0 0 0 0 0
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APPENDIX D

EMISSION FACTOR DERIVATION AND
OFFROAD2006 OUTPUT FOR HEAVY EQUIPMENT
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APPENDIX E

EMISSION FACTOR DERIVATION AND OFFROAD2006
OUTPUT FOR AUXILIARY GENERATOR SETS

APP-122



Emission Factors for Auxiliary Generator Sets
Stockton Rail Yard, Stockton, CA

Model Fuel Load Exhaust & Crankcase Emissions (g/hp-hr) VOC Evaporative Emissions
Equipment Type| Year Type Factor ROG CO NOx DPM SOx  |Part 1 (g/hr) |Part 2 {g/yr)
Aux. Gen Set @ | pieset | 025 0.42 0.97 6.17 0.14 0.05 - -

Notes:

1. Emission factors from OFFROAD2006 model,
2. Load factor was estimated at 25% due to the nature of the operations.
3. VOC evaporative emissions are negligible.
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APPENDIX F

DETAILED EMISSION CALCULATIONS

APP-128



Summary of Diesel Particulate Matter Emissions

Stockton Rail Yard, Stockton, CA

DPM Emissions
Source (tpy)
Locomotives 6.472
On-Road Diesel Fuel Trucks 0.007
HHD Diesel-Fueled Trucks 0.174
Heavy Equipment 0.099
Aux, Generator Set 0.068
Total 6.819

APP-129



Emissions from Locomotives
Stockton Rail Yard, Stockton, CA

DPM Emissions
Activity (tpy)
Through trains 0.381
Freight trains 1.276
ACE trains 0418
Power moves 0.005
Yard operations 3.578
Service and Shop Idling 0.782
Load tests 0.032
Total 6.472

APP-130



LEL-dd¥

‘gdw g1 jo paads seIeae UL pIUINSSE STONIB[NOTED 10J0B] UOISSIUS JSNBYXS BUI2ABI], '
-uondo indino VI ) MM [PPOW 9007 AM-D VAN 2u3 Suisn paje[noa[ed s10)08] STOISSIS Jsneyxa Sulp]
wondo indino NFQING 2W UM 9007 AM-IVINT Wol pajemo[ed s10108] UOISSTUIS JSNBYXS Fuuny °¢
"JEIS W) s SUOISSNOSIP pue UOBAILSqo [euosiad uo paseq pajewrnsa Aep Iod Surppt pue duy 1ad JINA T
‘Aep 1ad (p1e£ Jo o pue ur) din ﬁﬁ:&.ﬁw mu_oEmS.Q Tenba s1 sdin a[o1yaaA Jo Jaquiny |
$O10N.
1L00 | Tero | IZERT | veLs | S9UT 850 w|oeLLin | ovoLy 856 €€ EVT [ ] a8
X0S Ndd XON 0D D04 X0S Wdd XON 0D DOV (1&ry) - |(duysunn)| - sdu yonig,
(Ady) suorssiurg {1y/8) s10108,] UOISSIIUT Surp] JO Iquny
SHOISSTIUG] JSNEYX Sul[pl
0000 | zoo0o | 800 | IO | $000 | 0€0 611 99°€T £SL LTE 091 (] (]
X0S Wdd XON 0D DOod XOS WU XON oD DOY 18a} dug, sdury, yoni,
(Ady) suorssiuryg (nu/8) sx0108,] UOISSIIg d JINA | 3od TINA JO RquUInN

SUOISSTIUY JSNeyxy surnuny

VO TUOR[LOIS pIBX 11y UOPO0IS
SYONIT PI[ANI-12521(] A AARST-AARI}] (WOIJ SUOISSIUIY




Zel-dd¥

ydut ¢ [ Jo paads a3I19AR UR PSWNSSE SUONENO[ES 10308] UOLSSTWIS ISNRYXS Suljsal], ¢
‘uondo dino 7Yy IA Syt YilA [SPOUT 90T (LM -DVIINT 9y Suisn poje[nofeo s10108] SUOLSSIUID Jsteyxa Surp] ¥
-uondo mdino NFTING A4 [ [PPOW 00T AM-IVIINT 241 Futsn pajeno[es SUOISSID ISneyxs Sufuuny ¢
‘[puuosiad Y4y Aq parewmss (Lep/uiw) swn Suipy g
-pa £ o1 Ul Juads awn Jo yunowe ay) pue aFes[it A[AIYAA (101 U0 paseq [auuosiad Y] 49 PAILUINSS TJNA [enuuy |
SAION]
£r000°0 | 810070 96.0°0 99€0°0 ¥800°0 el
£0000°0 | 100070 SLOO0 9z00°0 £000°0 LED cLo SO'SL | 0t9T LI'E 16 9 1dH1 Fona], dwjorg
900000 | 10000 €100 ¥¥00°0 80000 8S0 LOT | S9TTL | 69ty | PLL 16 €1 aBH JandL, woog
00000 | 100070 SL00°0 9z00°0 £000°0 L0 SLO SO'SL | 08'5C LTE 16 ST 1aH1 yoni], dnxpig
00000 | 100070 SL00'0 9z00°0 £000°0 LeO SLD co'sL | 0E°9C LT°E 16 Sl IdH1 Honu], dnory
00000 | 10000 cL000 9z00°0 €000°0 LeD SLO So'sL | 0E9T L1e 16 eI aHW Fonl], ooy
F0000°0 | 10000 SL00°0 92000 £000°0 LED SL'0 SOSL | OL°9T LIt 16 <1 dHW Foni woog
$0000°0 | 10000 SL00°0 92000 £000°0 LED 0¥'1 SOGL | 0€9C LTE 16 S1 aHW Foni] ooy
$0000°0 | 10000 cL00'0 92000 £000°0 LED o'l SOSL | 0£°9T LIe 16 93 aHW Foruf, dojord
900000 | ¥000°0 $800°0 9000 0z000 860 Fee E6F8 | BYI9 | 8961 16 51 dHH yoni], 1adaamg
900000 | L0000 65000 CLO00 ¥e000 850 1L 986 | 18%,L | 19°¢F 16 St dHH Honyy, dwmey
X08 Wdd XON 0D DOy 0§ [ Wda | xoN | 00 | ooy | GAay) [(Aepmim) ) sse|) adA)
(Ady) suoissiug {(1y/8) s10108 ] UOISSTUEH Surpr apm2A | 19POIA uwdinbg
SUCTSSTIY )SUeqXy Sulpl
00070 9500°0 0750°0 89¢0°0 L600°0 %101
00000 0000°0 S100°G 0000 10000 000 000 1485 11 )] 008°1 aH1 yporuy, dosjorg
1000°0 [00G°0 [700°0 #0000 o000 [ANY 6¥'0 YL VI 0Ll 180 00r dHH Foru ] wooy
0000°0 00000 1000 #0000 10000 000 co0 1283 1s'1 0e'o 00T°1 aH1 s, dojord
00000 0000°0 S100°0 ¥000°0 100070 000 000 128 1$°1 0e0 0011 aH1 yonu], dwjord
00000 20000 GE000 €£100°0 (AN 00°0 0L0 95t 88v 0L'o §T8°1 aHIN Fomi] woog
0000°0 20000 SE00°0 £100°0 0000 000 0L'0 9¢TI 88y 0L0 009°1 dHIW JonL], woog
0000°0 #000°0 0S00°0 1200°0 0000 000 1871 181 9L (1! 0¥0°1 dHIN ¥oni wooy
00000 S000°0 0500°0 £200°0 00000 000 1871 FI'81 LO6 000 00z‘l {JHW on, dndyord
1000°0 zZI000 6L00°0 18000 ¥200°0 ce0 6I'f [9°82 | 1£°6C L8 0sZ dHE yonu] 1adaomg
00000 0£00°0 S810°0 86100 09000 000 ¥e¥ | TI'8T | #6'6C LO6 009 aHH Fonu dwng
X08 Ndd XON 0D DOY X088 Wdd | XON 0D DOd IINA SSE[D adAj,
(£dy) suorssnuyg (uyg) sio1oe ] UoISSTII [enuuy | ADIYAA | [PPON yuawidimbyg

STOISSIUT S JSNEX ] Surmuny

V) “Uop{301g PreA 1y Uoppolg

SYONI] Pajoan]-[2521(] PeOY-~U() WO} SEOISSIUY




ECL-dd¥

3] 311530 21w SEOISSIUL dANRIOHRAS DOA b
wdd g Jo USR0S IYms |1 [9535(] € SIUMSSY 'f

“[Apoltl 9OTAYOUA£0 SHU YD) WOl SI058; Pro] pue SI0IY UoIssiuy g
‘jauuosiad J4ry Aq paIewinss uoneiado Jo Smoy |

§H0N
S00°0 660°0 9L6°D 6EF'0 ¥81°0 [LzTN
[00°0 600°0 £L0°0 oF00 g10:'0 - . 500 860 08 oy PL' 0£0 9t SL Br1eg
0000 1000 g100 L00°0 £00°0 - - 900 [ZA) Syl 9T S9'1L £vo ST 1314 auer)
0000 S00°0 6L0°0 0E0°0 1100 - - 90°0 PLO SP1T 9Ty 9’1 €0 0z1 44 JUBLD
000'0 000°0 000 000 <000 - - L0°0 [Aar 8€°01 tEsT 17'el 0£'0 1)1 SLy yry Areq
£00°0 ¥90°0 08570 1920 riro - - 900 SE'l 6T'TI £es It'e 150 0EL SII SIqOUB{IBIL
000°0 £00°0 pro'0 8100 900°0 - - 900 06’0 ELET s £6'1 s5°0 1} LLT SopjoEg
1000 L10D [31°0 080°0 [A ] - - 900 26'0 Ly 01 ¥y £8'1 £€°0 00€ <6 | 201POEY
X08 W XON 02 20A | @A) zued| (@) jued|  x0§ Wdd XON a2 D0A | o0 | ueneradpgo | (dy) addr
(Ady) suoissirg SUDISSILY ] peoT] | smoy renuuy | Sugey uawmdinbg
sanetodeat JOA (21-duy/F) suotsstyg aseoyueEl]) % ISneyxy

VO UOPPMS PIe (1Y U0HR01S
juaurdinbg Aaes}] wog sucisSUUA Jo AlRwwng




Particulate Matter Emissions from the Sand Tower
Stockton Rail Yard, Stockton, CA

2005 Sand | Pneumatic Transfer Gravity Transfer Process Emissions (tpy)
Throughput | Emission Factor Emission Factor Pneumatic Gravity
Pollutant (ton/yr) (Ib/ton) (Ib/ton) Transfer Transfer Total
PMI10 312.00 0.00034 0.00099 0.0001 0.0002 0.0002

Notes:

1. Sand throughput is based on the STVAPCD Permit throughput limit of 26 tons per month.

2. Pneumatic transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for controlled pneumatic
cement unloading to elevated storage silo was used. The unit is equipped with a fabric filter.

3. Gravity transfer emission factor from AP-42, Table 11,12-2, 6/06. Factor for sand transfer was used.

4, There are no TAC emissions from this source.
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Emissions from Primary Clarifier and Oil/Water Separator
Stockton Rail Yard, Stockton, CA

Emission Rate | Emissions
Pollutant (grams/sec) (tpy)

Benzene 2.26E-07 1.11E-05
Bis(2-ethylhexyl) Phthalate 2.28E-07 1.12E-05
Bromomethane 4 40E-07 2.15E-05
Chloroform 2.74E-07 1.34E-05
Ethylbenzene 1.14E-06 5.58E-05
Methylene Chloride 5.15E-06 2.52E-04
Toluene 1.39E-06 6.81E-05
Xylene 2.67E-21 1.31E-19
Total 8.85E-06 4.33E-04

1. Emission rates are from the Air Emissions Inventory and Regulatory Analysis Report for Stockton Yard,
Trinity Consultants, July 2003.

2. Emission rates from USEPA's Water8 Program and are based on the 2000 wastewater flow rate of
2,200,000 gallons per year.

3. Emissions (Ib/yr) were calculated multiplying the emission rate by the ratio of the 2000 wastewater flow rate
and the 2005 wastewater flow rate.

Ib/yr = Emissions (g/sec) x (3600 sec/hr) x (8760 hr/yr) x (1 1b/ 453.59 g) x (2,200,000 gal/yr / 1,562,030 gal/yr)

4, The 2005 wastewater flow rate was provided by Mr. Jim Diel of Union Pacific.
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Equitpment Specifications for Heaters

Stockton Rail Yard, Stockton, CA

Heater Rating

Location Type Fuel Type j(MMBtu/hr)| Permitted? Citation
Yard Office Space Heater | Natural Gas 0.065 Exempt Rule 2020 - 6.1.1
Yard Office Space Heater | Natural Gas 0.065 Exempt Rule 2020 - 6.1.1
Yard Office Space Heater | Natural Gas 0.065 Exempt Rule 2020 - 6.1.1
Yard Office Water Heater | Natural Gas 0.035 Exempt Rule 2020 - 6.1.1
Signal Shop Space Heater Propane 0.125 Exempt Rule 2020 - 6.1.1
Engineering Office | Space Heater | Natural Gas 0.05 Exempt Rule 2020-6.1.1
Engineering Office Space Heater | Natural Gas 0.05 Exempt Rule 2020 -6.1.1
Engineering Office | Space Heater | Natural Gas 0.05 Exempt Rule 2020 - 6.1.1
Engineering Office | Space Heater | Natural Gas 0.05 Exempt Rule 2020 -6.1.1
Engineering Office | Space Heater | Natural Gas 0.05 Exempt Rule 2020 - 6.1.1
Engineering Office | Space Heater | Natural Gas 0.05 Exempt Rule 2020 - 6.1.1
Notes:

1. Heaters with a rating of 5.0 MMBtu or less and are fired exclusively with natural gas or
propang are exempt from SIVAPCD permitting requirements per Rule 2020, Section 6.1.1.
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Equipment Specifications for Welders

Stockton Rail Yard, Stockton, CA

Location

One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
One Spot Car Dept
Boom Truck

Boom Truck

Boom Truck
Locomotive Maint. Truck
Bridge Maintenance
Bridge Maintenance
Bridge Maintenance
WWTP - Repair Truck

Notes:

Make

Rating

Fuel Type (hp) Permitted? Citation
Gasoline 16 Exempt [Rule 2020-6.1.2 and 6.10
Gasoline 15 Exempt |Rule 2020-6.1.2 and 6.10
Gasoline 15 Exempt |Rule 2020-6.1.2 and 6.10
Gasoline 12.5 Exempt |Rule 2020-6.1.2 and 6.10
Gasoline 12.5 Exempt [Rule 2020-6.1.2 and 6.10
Gasoline 12.5 Exempt |Rule 2020-6.1.2 and 6.10
Gasoline 12.5 Exempt |Rule 2020-6.1.2 and 6.10
(Gasoline 12.5 Exempt [Rule 2020-6.1.2 and 6.10

Diesel 20 Exempt |Rule 2020-6.1.2 and 6.11

Diesel 40 Exempt {Rule 2020-6.1.2 and 6.12

Diesel 35 Exempt |Rule 2020-6.1.2 and 6.13
Gasoline 20 Exempt |Rule 2020-6.1.2 and 6.14
Gasoline 16 Exempt |Rule 2020-6.1.2 and 6.15
Gasoline 16 Exempt |Rule 2020-6.1.2 and 6.16
Gasoline 20 Exempt |Rule 2020-6.1.2 and 6.17
Gasoline 16 Exempt |Rule 2020-6.1.2 and 6.17

1. Welding equipment and operations are exempt from SIVAPCD permitting requirements per Rule 2020,

Section 6.10.

2. Internal combustion engines rated at 50 hp or less are exempt from SIVAPCD permitting requirements per

Rule 2020, Section 6.1.2,
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Equipment Specifications for Miscellaneous Combustion Devices

Stockton Rail Yard, Stockton, CA

[.ocation Equipment Type

Make

MoW Repair Compound Hydraulic Power Pack
MoW Repair Compound
One Spot Car Department Air Compressor
Locomotive Repair Pressure Washer
Locomotive Repair Pressure Washer

Pressure Washer

Bridge Maintenance Hydraulic Jack
Maintenance Crew Air Compressor
Notes:

Rating

Fuel Type| (hp} | Permitted? Citation
Gasoline 18 Exempt Rule 2020-6.1.2
Gasoling 18 Exempt Rule 2020-6.1.2
Gasoline 5 Exempt Rule 2020-6.1.2

Diesel 10 Exempt Rule 2020-6.1.2

Diesel 10 Exempt Rule 2020-6.1.2
Gasoline 5.5 Exempt Rule 2020-6.1.2
(Gasoline 5 Exempt Rule 2020-6.1.2

1. Internal combustion engines rated at 50 hp or less are exempi from SIVAPCD permitting requirements per

Rule 2020, Section 6.1.2.
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APPENDIX G

DETAILED RISK SCREENING CALCULATIONS
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Summary of Risk Index Values
Stockton Rail Yard, Stockton, CA

Risk Index Value % of Total Risk Index Value % of Total
Source Cancer Cancer Risk Chronic Chronic Risk
Locomotives 1.94E-03 . 94.90. 3.24E+01 9424 .
Sand Tower' 0.00E+00 0.00 0.00E+00 0.00
WWTP 6.44E-10 0.00 2.38E-01 0.69
On-Road Diesel Fuel Trucks 2.23E-06 0.11 3.71E-02 0.11
HHD Diesel-Fueled Trucks 5.21E-05 2.55 8.09E-01 2.53
Heavy Equipment 2.97E-05 1.45 4.95E-01 1.44
Aux. Generator Set 2.03E-05 0.99 3.38E-01 (.99
Total 2.05E-03 100.00 3.43E+01 100.00
De Minimis Sources (% of Total) 5.10 5.76

Notes:

1. There are no TAC emissions from the sand tower.
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Calculation of Risk Index Values for Diesel-Fueled Sources

Stockton Rail Yard, Stockton, CA

DPM Emissions | Unit Risk Factor Cancer Risk Unit Risk Factor | Chronic Risk
Source (tpy) Cancer Index Value Chronic Index Value
Locomotives 6.472 3.00E-04 1.94E-03 5.00E+00 3.24E+01
On-Road Diesel Fuel Trucks 0.007 3.00E-04 2.23E-06 5.00E+00 3.71E-02
HHD Diesel-Fueled Trucks 0.174 3.00E-04 5.21E-05 5.00E+00 8.69E-01
Heavy Equipment 0.099 3.00E-04 2.97E-05 5.00E+00 4,95E-01
Aux. Generator Set 0.068 3.00E-04 2.03E-05 5.00E+00 3.38E-01
Total 6.819 2.05E-03 3.41E+01
Notes:

1. Unit risk factor from Consolidated Table of OEHHA/ARB Approved Risk

Assessment Health Values, April 25, 2005. Cancer inhalation risk used.
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Calculation of Risk Index Values for the Wastewater Treatment Plant
Stockton Rail Yard, Stockton, CA

Emissions | Unit Risk Factor | Cancer Risk | Unit Risk Factor | Chronic Risk
Chemical Name (tpy) Cancer Index Value Chronic Index Value
Benzene 1.1E-05 2.90E-05 3.21E-10 6.00E+01 6.64E-04
Bis(2-ethylhexyl) Phthalate 1.1E-05 0.00E+00 0.00E+00
Bromomethane 2.2E-05 0.00E+00 0.00E+00
Chloroform 1.3E-05 5.30E-06 7.11E-11 3.00E+02 4.02E-03
Ethylbenzene 5.6E-05 0.00E+00 2.00E+03 1.12E-01
Methylene Chloride 2.5E-04 1.00E-06 2.52E-10 4.00E+02 1.01E-01
Toluene 6.8E-05 0.00E+00 3.00E+02 2.04E-02
Xylene 1.3E-19 0.00E+00 7.00E+02 9.15E-17
Total 4.33E-04 6.44E-10 2.38E-01
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APPENDIX H

SOURCE TREATMENT AND ASSUMPTIONS FOR AIR
DISPERSION MODELING FOR NON-LOCOMOTIVE SOURCES
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Appendix H

Source Treatment and Assumptions for Air Dispersion Modeling for
Non-Locomotive Sources

As shown in Figure 3 emissions were allocated spatially throughout the Yard in the areas
where each source type operates or is most likely to operate. Emissions from heavy
equipment were simulated as a series of volume sources along their corresponding travel
routes and work areas. Emission sources are first allocated to the areas of the yard where
their activity occurs, and are then aliocated uniformly to a series of sources within the
defined areas. Idling of elevated cargo handling equipment (Century crane) were
simulated as a series of point sources within the areas where these events occur.

Assumptions used spatially to allocate emissions for each source group are shown in the
Table below. See Figure 3 for the source locations. See Appendix A-4 for assumptions
regarding the spatial allocation of locomotive emissions.
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APPENDIX I

SEASONAL AND DIURNAL ACTIVITY PROFILES
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Appendix I

Development of Temporal Activity Profiles
for the UPRR StocktonYard

Locomotive activity can vary by time of day and season. For each yard, the number of trains
arriving and departing from the yard in each month and each hour of the day was tabulated and
used to develop temporal activity profiles for modeling. The number of locomotives released
from service facilities in each month was also tabulated. The AERMOD EMISFACT SEASHR
option was used to adjust emission rates by season and hour of the day, and the EMISFACT
SEASON option was used where only seasonal adjustments were applied. Where hour of day
adjustments (but not seasonal) were applied, the EMISFACT HROFDY option was used.

Time of day profiles for train idling activity were developed assuming that departure events
involved locomotive idling during the hour of departure and the two preceding hours, and that
arrival events involved locomotive idling during the hour of arrival and the two hours following.
Thus, the hourly activity adjustment factor for hour 7 is given by

Y S+ Y END()

j=i-2

b

2 (NA(j)+ ND(j))

where NA(j) and ND(j) are respectively the number of amriving and departing trains in hour ;.
These factors were applied to both idling on arriving and departing trains and idling in the service
area (if applicable).

Similarly, time of day profiles for road power movements in the yard (arrivals, departures, and
power moves) were developed without including arrivals in preceding hours and departures in
subsequent hours. In this case, the hourly activity adjustment factor for hour i is given by

NA(G) + ND(i)

24

2 (NA(j)+ ND(}))

=l

Seasonal adjustment factors are calculated as the sum of trains arriving and departing in each
three month season, divided by the total number of arrivals and departures for the year. The
hourly adjustment factors for each season are simply the product of the seasonal adjustment factor
and the 24 hourly adjustment factors.

For yards with heavy duty truck and cargo handling activities related to rail traffic, seasonal train
activity adjustments were applied, but not hour of day adjustments. Temporal profiles for yard
switching operations were based on hourly (but not seasonal) factors developed from the
operating shifts for the individual yard switching jobs. In some cases, locomotive load testing
diurnal profiles were developed based on the specific times of day when load testing is
conducted.

Table I-1 lists the hourly activity factors derived for train movements and train 1dling at the
UPRR Stockton Yard. Table I-2 lists the hourly activity factors derived from operating shift
information for yard switching operations. Separate temporal profiles are listed for day and night
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moving emissions as different volume source parameters are used for day and night. Table I-3

lists the seasonal activity factors for UPRR train and service activity.

Table I-1. Hourly Activity Factors for Train Activity at the UPRR Stockton Yard

UPRR UPRR UPRR

Train and Train Train ACE Train | ACE Train

Service Movements | Movements | ACE Train | Movemenis | Movements

Hour Idling (Daytime) | (Nighttime) Idling {Daytime) | (Nighttime)
1 0.948 0.000 0.965 2.400 0.000 0.000
2 1.074 0.000 0.973 2.400 0.000 0.000
3 1.200 0.000 1.111 2.400 0.000 0.000
4 1.224 0.000 1.197 2.400 0.000 0.000
5 1.077 0.000 1.100 2.400 0.000 4.000
6 0.879 0.000 1.017 0.000 0.000 4,000
7 0.731 0.766 0.000 0.000 4.000 0.000
8 0.731 0.678 0.000 0.000 0.000 0.000
9 0.903 0.601 (3.000 0.000 0.000 0.000
10 0.971 0.720 0.000 0.000 0,000 0.000
11 0.963 1.241 0.000 0.000 0.000 0.000
12 1.014 0.979 0.000 0.000 0.000 0.000
13 1.276 1.227 0.000 0.000 0.000 0.000
14 1.366 1.447 0.000 0.000 0.000 0.000
15 1.318 1.274 0.000 0.000 0.000 0.000
16 1.034 0.962 0.000 0.000 0.000 0.000
17 0.954 1.326 0.000 0.000 0.000 0.000
18 0.819 0.940 0.000 0.000 4.000 0.000
19 0.926 0.000 1.095 0.000 0.000 4,000
20 0.925 0.000 0.874 2.400 0.000 4.000
21 0.969 0.000 0.951 2.400 0.000 0.000
22 0.891 0.000 0.728 2.400 0.000 0.000
23 0.910 0.000 (1.866 2.400 0.000 0.000
24 0.899 0.000 0.962 2.400 0.000 0.000
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Table I-2. Hourly Activity Factors for Yard Switching at the UPRR Stockton Yard

SP Yard SP Yard East Yard East Yard
Bast Yard | Daytime Nighttime | South End South End
SP Yard | SouthEnd | Yard Yard Daytime Yard | Nighttime Yard
Hour | Idling Idling Switching | Switching | Switching Switching
1 2.000 0.600 0.000 2.000 0.000 0.600
2 2.000 0.600 0.000 2.000 0.000 0.600
3 2.000 0.600 0.000 2.000 0.000 0.600
4 2.000 0.600 0.000 2.000 0.000 0.600
5 0.000 0.600 0.000 0.000 0.060 0.600
6 0.000 0.600 0.000 0.000 0.000 0.600
7 0.000 0.600 0.000 0.600 0.600 0.000
8 0.000 1.200 0.000 0.000 1.200 0.000
9 0.000 1.200 0.000 0.000 1.200 0.000
10 0.000 1.200 0.000 0.000 1.200 0.000
11 0.000 1.200 0.000 0.0600 1.200 0.000
12 0.000 1.200 0.000 0.000 1.200 0.000
13 0.000 1,200 0.000 0.000 1.200 0.000
14 0,000 1.200 0.000 0.000 1.200 0.000
15 0.000 1.200 0.000 0.000 1.200 0.000
16 0.000 1.200 0.000 0.000 1.200 0.000
17 2.000 1.200 2.000 0.000 1.200 0.000
18 2.000 1.200 2.000 0.000 1.200 0.000
19 2.000 1.200 0.000 2.000 0.000 1.200
20 2,000 1.200 0.000 2.000 0.000 1.200
21 2,000 1.200 0.000 2.000 0.000 1.200
22 2.000 1.200 0.000 2.000 0.000 1.200
23 2.000 1.200 0.000 2.000 0.000 1,200
24 2.000 0.600 0.000 2.000 0.000 0.600
Table 1-3. Seasonal Activity Factors for the UPRR Stockton Yard

Activity Type Winter Spring Summer Fall
UPRR Trains 0.876 1.045 1.037 1.042
UPRR Service 0.689 1.073 1.131 1.107
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APPENDIX ]

SELECTION OF POPULATION FOR THE URBAN OPTION INPUT
IN AERMOD AIR DISPERSION MODELING ANALYSIS
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Appendix J

Selection of Population for the Urban Option Input in AERMOD Air
Dispersion Modeling Analysis

Urban heat islands and the thermal domes generated by them extend over an entire
urbanized area'. Hot spots within the urban heat island are associated with roads and
roofs, which surround each Union Pacific (UP) rail yard in high density. Following
guidance cited by the ARB (“For urban areas adjacent to or near other urban areas, or
part of urban corridors, the user should attempt to identify that part of the urban area
that will contribute to the urban heat island plume affecting the source.™), it is the entire
metropolitan area that contributes to the urban heat island plume affecting the rail yard.
For metropolitan areas containing substantial amounts of open water, the arca of water
should not be included.

To simulate the effect of the urban heat island on turbulence in the boundary layer,
especially at night, when the effect is substantial, AERMOD adjusts the height of the
nighttime urban boundary layer for the heat flux emitted into the boundary layer by the
urban surface, which is warmer than surrounding rural areas™. The difference between
the urban and rural boundary layer temperatures is proportional to the maximum
temperature difference of 12 Celsius degrees observed in a study of several Canadian
cities, and directly related to the logarithm of the ratio of the urban population to a
reference population of 2,000,000 (i.e., Montreal, the Canadian city with the maximum
urban-rural temperature difference)’.

The adjusted height of the nocturnal urban boundary layer is proportional to the one-
fourth power of the ratio of the population of the city of interest to the reference
population, based on the observation that the convective boundary layer depth 1s
proportional to the square root of the city size, and city size is roughly proportional to the
square root of its population, assuming constant population density’. Regardless of wind
direction during any specific hour used by AERMOD, it is the entire metropolitan area,
minus bodies of water, which moves additional heat flux into the atmosphere and affects
its dispersive properties, not just the 400 km” area of the air dispersion modeling domain
that surrounds the each rail yard, which was chosen purely for modeling convenience.

Continuing to follow the guidance cited by the ARB (“If this approach results in the
identification of clearly defined MSAs, then census data may be used as above to
determine the appropriate population for input to AERMQOD”'), the population of each
Metropolitan Statistical Area is being used in the modeling run for each rail yard.

" USEPA. Thermally-Sensed Image of Houston, http.//www .epa.gov/heatisland/pilot/houston_thermal.htm,
included in Heat {sland Effect website, htip://www.epa.gov/heatisland/about/index.html, accessed
November 8, 2006.

2 USEPA. AERMOD: Description of Model Formulation, Section 5.8 — Adjustments for the Urban
Boundary Layer, pages 66-67, EPA-454/R-0(3-004, September 2004, accessed at
hitp://www.epa.gov/scram001/7thconf/aermod/aermod mifd.pdf on November 9,

3 Qke, T.R. City Size and the Urban Heat Island, Atmospheric Environment, Volume 7, pp. 769-779, 1973,
* Ibid for References 3 and 4.

7 Ibid.
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Appendix K

Population Shape Files for UPRR Rail Yards

The accompanying shape files include census boundaries as polygons and the
corresponding residential populations from the 2000 U.S. Census. Separate shape files
are included at the tract, block group, and block levels. The primary ID for each polygon
begins with sscecttitit, where ss is the FIPS state code (06 for California), cc is the county
code, and #eettt is the tract code. The primary IDs for block groups have a single
additional digit which is the block group number within each tract. Those for blocks
have four additional digits identifying the block number. The population for each
polygon are included as both the secondary ID and as attribute 1. Polygon coordinates
are UTM zone 10 (Oakland and Stockton) or 11 (southern California yards), NAD33, in
meters. The files contain entire tracts, block groups, or blocks that are completely
contained within a specified area. For all yards except Stockton, the area included
extends 10 kilometers beyond the 20 x 20 kilometer modeling domains. For Stockton,
this area was extended to 20 kilometers beyond the modeling domain boundaries to avoid
excluding some very large blocks.

In merging the population data' with the corresponding boundaries’, it was noted that at
all locations, there are defined census areas (primarily blocks, but in some cases block
groups and tracts) for which there are no population records listed in the population files.
Overlaying these boundaries on georeferenced aerial photos indicates that these are areas
that likely have no residential populations (e.g., industrial areas and parks). The defined
areas without population data have been excluded from these files. Areas with an
identified population of zero have been included. It was also observed that some blocks,
block groups and tracts with residential populations cover both residential areas and
significant portions of the rail yards themselves. For this reason, any analysis of
population exposures based on dispersion modeling should exclude receptors that are
within the yard boundaries or within 20 meters of any modeled emission source locations.

To facilitate the exclusion of non-representative receptors, separate shape files have been
generated that define the area within 20 meters of the yard boundaries for each yard.
These files are also included with the accompanying population files. It should also be
noted that the spatial extent of individual polygons can vary widely, even within the same
type. For example, single blocks may be as small as 20 meters or as large as 10,000
meters or more in length. To estimate populations contained within specific areas, it may
prove most useful to generate populations on a regular grid (e.g., 250 x 250 m cells)
rather than attempting to process irregularly shaped polygons.

" Population data were extracted from the Census 2000 Summary File 1 DVD, issued by the U.S.
Department of Commerce, September 2001.

? Boundaries were extracted from ESRI shapefiles (*.shp) created from the U.S. Census TIGER Line Files
downloaded from ESRI (h#mp.//arcdata.esri.com/data/tiger2000/tiger_download.cfm).
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